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Automatic 


Temperature Control 
for Fractionating Towers 


HE widespread adortion of automatic temperature 
control which assures higher yield and greater uni- 
formity of product, has found TAG in the forefront aiding 


these notable advances. 


Either the TAG Recorder-Con- 


troller or the TAG Indicating Controller, of identical 


internal construction, offers the ideal instrument. 


Some 


of the features which have made TAG Controllers the 


choice of industry are— 

1. New and improved Round 
Form Case construction with out- 
side, direct adjustment setting 
points. 

2. The exclusive TAG Fully 
Compensated Mercury system, 
which makes much wider range 
obtainable without sacrifice of 
accuracy—with tube lengths up 
to 250 feet. 


3. “Swing” control, a most re- 


Necessarily brief here, these features are 
described in detail in our Bulletins. 
Write for your copies today. 


markable TAG development, per- 
mitting adjustment to suit each 
individual condition. 

4. The famous TAG Pilot Air 
Valve, an amazingly simple device 
for years has proved to be the most 
effective means of operating a 
diaphragm valve. 

5. Competent engineering ser- 
vice, particularly in the selection 
of type of diaphragm valve best 
suited to the conditions. 
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Contact 


Various types 


or 
molds, rolls, 
bearings, etc. 


$38 to $85 








Pyrometers 





Portable P yrometers 


for Every Purpose 


HETHER your requirement is for 

production work or for more exacting 
service in the laboratory, there is a type and 
size of “Alnor” portable Pyrometer ideal for 
the purpose. 


“Alnor” portable Pyrometers are not 
“made over’ stationaries. Each type and 
size was designed and is built to serve its 
particular purpose, whether this be for inter- 
mittent readings in ceramic kilns, annealing 
or heat-treating furnaces, as immersion 
pyrometers for measuring molten metal 
temperatures up to 2500 Deg. F., or for 
measuring surface temperatures of rolls, 
molds, bearings, bars and other heated metal 
surfaces. 


Several “‘Alnor’ portables are self-con- 
tained units. All”are light, convenient to 
handle and what is most important, they are 
inexpensive, yet extremely accurate and 
durable. 


Write us about your needs and let 
us send you a catalog and full in- 
formation. 


Illinois Testing Laboratories, Inc. 
145 W. Austin Ave., Chicago, IIl., U.S.A. 


Testing Engineers and Manufacturers of “Alnor” and 
‘Price’’ Mechanical, Magnetic, Electrical 
and Pyrometric Instruments. 


The Product of 31 Years’ Experience 






Pyro 
Lance 





N 





2 sizes 
6 models 


for non-ferreus 


metals 


$45 to $81 


“Qlnor” Pyrometers 





Pyro 
Prod 











for Temperatures 
up to 1200 Deg. F. 


$33 to $35 


**Alnor”’ 
, A Model P-B Portable 


eo 
SZ 

















2 sizes 
single or double 
range for temperatures 


Thermo 
Lance 





2 sizes for Laboratory, up to 2500 Deg. F. 
School or Shop use. 
$40 to $75 $45 to $69 
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What Factors 


in the Modern 
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This diagram illustrates the instrument appiications 
discussed in this book. The numbered paragraphs 
in the text describe the respective applications. 


Visit our Booths Nos. 


16-17 at the Mid-Western 
Engineering and Power 
Exposition, Coliseum, 
Chicago, February 10-14. 
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Should be Checked 


Power Plant? 


This question is keenly interesting to every 
prominent and successful power plant 
engineer today. It is the subject of repeated 
articles and editorials in the leading power 
plant journals. It is presented in important 
papers before the engineering societies. 














It is of the greatest importance to you as a 
power plant engineer, superintendent or 
owner. 






Our book—‘Power Plant Instrument 
Data Book”—covers the subject fully. Over 
a hundred applications are discussed. We 
will gladly send you a copy of this book. 





et the 


answer 
from this Book 


Tells what to check, 
Why it should be 
checked and how to 
check it. 


Send for COPY 









THE BROWN INSTRUMENT COMPANY 
4482 Wayne Ave. Philadelphia, Pa. 


Branches in 22 principal cities 


Instruments | 
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Specialists in Tubes 7° 
for industrial 
applications 


ECAUSE industrial applica- 

tions require special quali- 
fications in tubes, Westinghouse 
has specialized in tubes for such 
purposes. This specialization has 
resulted in photo-electric tubes, 
Grid-glow tubes, and amplifier 
tubes that have demonstrated their 
superiority. Continuous : 
operating records to q 
date of two and three 
years in industrial in- 
stallations give evidence 
of their dependability. 
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Complete Unit for Light 
Sensitive Devices. 





Service, prompt and efficient, by a coast-to-coast chain of well-equipped shops 


Tune in the Westinghouse Salute over the N.B.C. Nation-wide Network every Tuesday Evening. 
When writing to the above company, please mention INSTRUMENTS 
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The remarkably large scale 
opening enclosed with non- 
shatterable glass makes it easy 
to read Jewell Master Instru- 
ments. 














Jewell D.C. Movements are 
enclosed in dust-tight bake- 
lite cases that withstand hard 
knocks,of industrial service. 


She STYLE G MOVEMENT 


INSTRUMENTS} 
Pattern 170— 


Current Transformer |) 
Pattern 171— 
D. C. Voltmeter or 
Ammeter 
Pattern 172— 
A.C. Voltmeter or 
Ammeter 
Pattern 173— 
Single Phase Watt- 
meter 
Pattern 174— 
VoltAmp Wattmeter 
Pattern 175— 
Polyphase W/attmeter 
Pattern 176— 
Thermal Voltmeter 











The moving coil is wound on an 
aluminum frame. Light 
weight and strong damp- 
ing action make the move- 
ment “dead beat.” 


The uniform radial field 
between pole’pieces and 
core produces 4 uni- 
formly divided scale 
of extreme accuracy. 


in Master 


ue 4. 


Instruments 


is a great achievement in meter engineering 


The high accuracy and 
permanent calibration of 
Jewell Master D. C. Instru- 
ments are the result of 
many detailed improve- 
ments—the sum total of 
which represents a notable 
evolution in meter design. 


The increased demand for 
Master D. C. Instruments in 
industrial service has initi- 
ated new and improved 
automatic machine pro- 
cesses for producing the 
delicate parts of the Style G 
Movement. Increased pre- 
cision in manufacturing 
methods leads to improved 
calibration and accuracy in 
the instrument. 


‘protection 


The rigid construction of 
the bearing brackets and 
pole piece mounting have 
augmented mechanical 
strength without impairing 
sensitivity. Dustproof bake- 
lite cases furnish greater 
than the old 
wooden cases. 


The Style G Movement is 
a great achievement in 
meter engineering, for it 
combines ruggedness with 
accuracy to a degree once 
considered impossible. For 
sheer merit, Jewell Master 
D. C. Portables are in a class 
by themselves. 


Every engineer should have the Jewell Master Instrument 
Catalog. Send for it, today. 


Jewel Electrical Instrument Company 


1650 Walnut Street 


Chicago, Illinois 


31 YEARS MAKING GOOD INSTRUMENTS 


Leather Carrying Cases 


The uniform dimensions of 
Master Portable Instruments 
make for utmost convenience. 
Sole leather car: cx Ew 
be furnished with 1 , 2, 3,and 
4 compartments for Master In- 
struments. 
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250 D-3 
Amplifier Unit 





Curve of 250 D-3 
Amplifier 


PREDMIRY 8 CYCALS 


Curve of 600 ohm 
line to line transformer 








FERRANTI 


AMPLIFYING 
EQUIPMENT 


Ferranti amplifying equipment and 
special precision impedance matching 
transformers can be supplied for a wide 
variety of uses in laboratories, and in 
the educational and commercial dis- 
tribution of voice and music. 


New designs with especially flat charac- 
teristics giving faithful reproduction 
of both speech and music are available. 
Unit assembly makes the equipment 
exceedingly flexible, the various units 
being interchangeable without any 
change whatever in wiring. 


The installation is extremely simple 
and all combinations are designed for 
utmost convenience in operation. 


Type RPM _ universal panels meet 
various requirements of universities 
and other educational institutions for 
the distribution of radio, speech, and 
music in classrooms and auditoriums. 


Amplifying units can be supplied with 
numerous transformer combinations 
especially suited for laboratory and 
experimental use. Any input and out- 
put requirements can be met. 


Ferranti equipment is of the highest 
quality and is fully guaranteed. The 
40 years successful experience of the 
parent Ferranti Company is a further 
guarantee of these products. 


Send for special price list of power 
transformers, chokes, and 2000 volt 
condensers. 


FERRANTI Inc. 


130 W. 42nd St., N. Y. 
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A.C. 


AMPERES. 


i Anoruer in- 
teresting problem that has 
confronted design engineers 
of central and sub stations 
has been solved. 


Through a novel addition to 
the popular Weston  rec- 
tangular switchboard line 
these instruments can now 
be arranged for indicating 
present day as well as Tomor- 
row’s maximum power loads. 


This innovation provides de- 
finite economies in equip- 
ment cost because it elimi- 
nates replacing meters and 
associated transformers as 
power loads increase—both 
can now be installed initially 
for the ultimate load. 


AMPERES PON PUM GOALE ORS 
206 wo, sabe 


This simple expedient con- 
sists of equipping the A. C. 
Ammeters and Wattmeters 
with double range current 
coils of 2.5 and 5 amperes 
controlled by readily acces- 
sible connecting links within 
the case, plus easily reversi- 
ble scales calibrated on one 
side for half load and on the 
other for full load. 


Because this new feature in 
Weston rectangulars permits 
the change-over from half 
to full station capacity with 
practically no loss of time, or 
inconvenience, they repre- 
sent a marked contribution 
to efficient and economical 
Central Station planning. 


WESTON ELECTRICAL INSTRUMENT CORPORATION 


591 Frelinghuysen Avenue 


Newark, N. J. 


When writing to the above company, please mention INSTRUMENTS 
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CONTROL QUALITY 


by selective tests 





Damping Tester 
FOEPPL-PERTZ TYPE 


Choosing of proper material 
subjected to vibratory condi- 
tions will reduce dangerous 
oscillations of highly stressed 
parts. This machine deter- 
mines which materials possess 
“damping capacity” essential 
to prevention of high reso- 
nance stresses. 


Bending Fatigue Machine 
FOEPPL-HEYDEKAMPF TYPE 
Make your own endurance 
vibratory tests on cheap speci- 
mens. First machine with 
varying bending stress of equal 
magnitude throughout entire 
gauge length. Specially suited 
for welded flat specimens. 

oe to operate. 


Brinell Hardness Tester 

WAZAU TYPE 
Thislight weight machinegives 
direct reading of indentation 
depth, in addition to Brinell 
readings. Loadings up to 
11,000 lbs. transverse--and 

compression. 

For Full Details Write 

BALDWIN -SOUTHWARK CORP. 


DIVISION 
When writing to the above company, please mention INSTRUMENTS 
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Bodine Fractional Horsepower Motors 


Continuous Service Induction Motors 
Single Phase-Shaded Pole 


There are hundreds of devices in 
the laboratory and in industry 
which require a small reliable con- 
stant s motor. The Bodine 
Types CA-2 and CAR-2 Motors are 
continuous service single phase in- 
duction motors without commu- 
tators, brushes, centrifugal cut- 
outs, or rotor windings. They are 
self-starting and are rated from 


1/80 to 1/1300 H.P. at 1025, 1500 or 
3275 R.P.M. 

When equipped with built-in speed 
reducers, slow motion shaft speeds 
available are: 176, 88, 43, 21, 10, 5, 
2%, or 1.3 R.P.M. Where slow 
motion and small power are re- 
quired, these Bodine Motors are 
ideal power units. Send for bulletin 
No. 1010 describing these motors. 


Other Bodine Motors for Laboratory and Industrial Service 


Types SAR and SDR con- 
stant speed A.C. and D.C. 
motors with worm gear 
speed reducers at 1/30, 1/20 
or 1/12 og naar onal 
speeds are . ° ’ 
43 and 28 R.P.M. 


Leading instru- 
ment manu- 
facturers have ad- 
opted Bodine 
standard and spe- 
cial motors for 
their equipment. 


Type V_ Series Universal 
otor. Rated at 1/100 H.P. 
at 4000 R.P.M. For motion 
picture projectors, auto- 
matic control devices, etc. 
Operates on either alter- 
nating or direct current. 


Type N-5 Constant Speed 
rim and D.C. Motors. 
Rated at 1/20 and 1/12 H.P. 
at 1125 R.P.M., and 1/10 
and 1/8H.P. at 1725 R.P.M. 
Furnished with wool- 
packed bearings. 


Send for catalog 
Bodine Electric 
Company 
2244 W. Ohio St. 
Chicago, Ill. 
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A Laboratory In Itself 


A.C. Multimeter 


Write 
for 
Bulletin 
502A 


A. Gof Dp. C 
6 Current and 8 Voltage Ranges 


Measuring From 
2 Milamps to 5 Amp and 60 Millivolts to 1500, Volts 
All Controlled by 


3 Binding Posts and 1 Selector Switch 


Beware of Cheap Imitations of a Good Meter 


RAWSON 
ELECTRICAL INSTRUMENT CO. 


INCORPORATED 1918 
CAMBRIDGE, MASS. 
Branch Office: Mid-Western Representative: 


91 Seventh Avenue EARL N. WEBBER 
New York City Daily News Bldg., Chicago, Lil. 
Also Manufacturers of DC Multimeters, Microammeters, Milliammeters and 
Ammeters, Microvoltmeters, Millivoltmeters, and Voltmeters, Cable 
Testers, Timers, Earth Current-Meters, Fluxmeters, Thermo 
Junctions, Electrostatic Voltmeters, Wattmeters, etc. 


Write for bulletins. 


When writing to the above company, please mention INSTRUMENTS 
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Measuring Microscope 
—for Quality Control 


AND now Bausch & Lomb presents an 
instrument having many applications 
both in the machine shop and in the 
laboratory. The Shop Microscope is a 
small, portable microscope, carrying its 
own illumination. It contains a microm- 
eter in the eyepiece wherewith exact 
measurements can be made to one thou- 
sandth of an inch and one-fifth of that 
interval easily estimated. 


For examining the edges of cutting tools, 


examining surfaces for cracks and blow 
holes, measuring the diameters of Brinell 
impressions, inspection of machinery for 
evidences of wear— in fact, there are so 
many uses for the Shop Microscope that 
it is practically impossible to enumerate 
them. 


Magnification is 40X, field up to 7/32”. 
Micrometer scale, 1/10”, is graduated 
into 100 parts with every tenth line 
numbered. 


B aL Shop Microscope Send for catalogs giving information on 
this and other instruments for shop use. 


BAUSCH & LOMB OPTICAL CO. 
615 St. Paul Street « » Rochester, N. Y. 


Makers of Orthogon Eyeglass Lenses for Better Vision 
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An nouncing— 
THE HANDBOOK OF INDUSTRIAL 


TEMPERATURE 
and HUMIDITY 


MEASUREMENT and CONTROL 
By M. F. Béhar 


Tus book includes the chapters on temperature and on 
humidity in The Handbook of Industrial Instruments, together 
with valuable additional data which did not appear in the 
monthly instalments. In response to an insistent demand, it 
has been decided to print this material as a separate book, a year 
in advance of issuing Mr. Béhar’s complete handbook. The 
edition is limited. Take advantage of the pre-publication offer. 








Some of the Comments on Béhar’s 
Handbook as Published Serially. 


Our purchasing agent is very much interested in your 
series of articles entitled—Handbook of Industrial 
Instruments. Combustion Utilities Corp. 

I want to compliment you on the excellence of the 
articles . . . These chapters show an intimate knowledge 
of the apparatus for... measurements and control. 
R. P. Brown, President, Brown Instrument Co. 

Of great value to large industrial corporations. J. V. 
Redfield, Central Station Steam Co 

The subject is well handled. A. S. Hall, Thwing 
Instr. Co. 

We feel that you should be complimented. S. L 
Taylor, Thermal Syndicate, Ltd. 

Congratulate you on the manner in which you are 
handling the subject. A work of this kind will un- 
questionably prove of great value to all industries. 
F. F. Uehling, Uehling Instr. Co. 

You have been writing useful articles, and we have 
felt that they have been well done... This is good 
work and we would like to help. S.C. Horn, Wilson- 
Maeulen Co., Inc. 

Your Handbook should be a “Bible” for instrument 
men. It will supply a long felt need and, believe me, 
I mean this when I say “long felt.” H. W. Stoetzel, 
Republic Flow Meters Co. 

We have been reading with interest the different 
chapters of the handbook written by you. H. R. 
Bowers, Meriam Co. 

We think that the work... is par excellence .. 
will help those people who have already started to 
become instrument-conscious to be really intelligent on 
the subject so that they can handle equipment with the 
greatest efhciency. C. E. Sullivan, Foxboro Co. 

I have enjoyed your series of articles on Temperature 
Controls very much indeed... Your book certainly 


meets with these requirements, and we feel that it is or 
of the outstanding contribtuions to the indust: 
Alvin M. Stock, Partlow Corp. 

We deemed it advisable for our Engineers to h 
copies of your complete articles. I think your” Handbook 
of Industrial Temperature Instruments” would 
wanted by many engineers and other executives in tl 
industrial plants where temperature plays an important 
part in production. E. D. Rogers, Fulton Sylphon C 

Our engineers think most higaly of it. C. P. Der 
low, National Meter Co 

Am sure vour book wil! have a considerable demand 

Have heard veiy favorable comments here. ( 
Fairchild, Tagliabue Mfg. Co. 

Congratulate you very sincerely on the correct under 
standing of the matter which your articles evidence a 
of your success in getting it across to the average reader 
I trust that your handbook will meet witn a wide dis 
tribution. R. A. Smart, Automatic Temperature 
Control Co. 

The most comprehensive of any treatment I ha 
seen. Jonathan Sharp, Brown Instr. Co. 

I have been following with considerable interest what 
you have published in Instruments. It has beer 
cellently handled. R. L. Goetzenberger, Minneapol 
Honeywell. 


List of Chapters 


1. Industrial Instruments—general. 2. Measure 
ment of Temperature, Industrial Conditions, Classif 
tions, High-temperature applications, etc. 3. Indicating 
Thermometers. 4. Thermoelectric Pyrometers 
Radiation Pyrometers. 6. Optical Pyrometers, P 
metric Cones, etc. 7. Thermometric and Pyromet: 
Recorders. 8. Automatic Temperature Contr 
Humidity—General Discussion; Measuring Inst 
ments, Controlling Instruments; Air Conditior 
Systems. Appendix—Useful Tables and Charts. 





MAIL THIS COUPON TODAY—PRICE WILL BE $4.00 AFTER PUBLICATION 


Instruments Publishing Company 
3619 Forbes Street, Pittsburgh, Pa. 


Enter my order for 


fo Se eee 


_(copy) (copies) of the Handbook of Industrial Temperature 


and Humidity Measurement and Control by M. F. Béhar, at three dollars ($3.00) per « 
postpaid, to be invoiced only when shipment is made. 
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ALFRED SUTER 
200 FIFTH AVENUE NEW YORK 


Representing 


The Losenhausenwerk. 


Dusseldorf 
Builders of Testing Machinery 


e209Decce 


New Hydraulic Universal Tester 


for tensile, compression, transverse, folding and 
shearing tests with Pendulum load registering de- 
vice for full, half and 1/10th load. 


Built up to 500,000 lbs. 









Easy to operate from 
one lever. 

All speeds possible from 
0-3 or 4” as well as con- 
stant holding of load. 


Ask for particulars. 
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Measure Temperatures 
with Motor-driven Pyrometers 








With TIOMETER PYROMETERS 











Actual width of the 
L & N Chart is 9% 
inches 





TOT only is the L & N Potentiometer Pyrometer* the most 
accurate in industry; it is also the most rugged. Its 
potentiometer detecting circuit is extremely sensitive and 
reliable. Its measuring mechanism is driven positively by a 
powerful electric motor. Parts are big and strong. Bearings 
are heavy. There ts plenty of power to operate this temperature- 
measuring machine—a machine which is sturdy enough to 
withstand every-day shop service. 


The same workman who supervises fans or similar equipment 
or the operator himself, can easily take care of L & N Potent 
ometer Pyrometers; they require no trained supervision. 


L&N Catalog 84-I lists L& N Potenti- 
ometer Pyrometers for automatic tempera- 
ture control. Catalog 87-I lists them for 
recording and for indicating. Special 
bulletins outline their application to various 
industries. 





* Information as to the advantages of L & N 
Potentiometers will be sent on request. 






LEEDS & NORTHRUP COMPANY 


t- 3901 STENTON AVENUE PHILADELPHIA, PA. 

















——~ LEEDS & NORTHRUP 
P-210 Cleveland Chicago Houston Los Angeles San Francisco 


Different Pyrometers—The Most Accurate Pyrometers In Industry 
For Indicating, for Recording and for Controlling Automatically 
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SPEEDY - EASY - RELIABLE 
is the New Method 


For SULFATE ANALYSIS 


with the 


BURGESS-PARR 


TURBIDIMETER 
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Use the turbidimetric method for sulfate determinations and 
avoid the tedious filtration, drying and weighing of pre- 
cipitates. The Burgess-Parr Turbidimeter offers speed and 
simplicity for sulfate and other turbidimetric analyses. 
Your Laboratory Supply Dealer has it in stock. 
Write for further information. 


BURGESS -PARR COMPANY 
eT WEST MONROE STREET 
CHICAGA, ILLINAIS 
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EDITORIAL COMMENT 








What Manufacturers Should Know 
About Our Two Instrument Handbooks 


In spite of letters which the managing editor has written to every instru- 
ment company in the last fourteen months, in spite of definite statements 
made on this editorial page, certain manufacturers complain of being 
“overlooked” by the authors of the two handbooks appearing serially in 
INSTRUMENTS—in that both authors “seem to think of us only at the 
last minute.” 

The complaints refer to the fact that both Mr. Béhar and Mr. Schroder 
usually request photographs and engravings for their next installments. 
We are told that this implies many months of indifference and a last-minute 
gesture of mere tolerance. 

Such an implication is unjust. 

A last-minute request by either author indicates recognition of merit. 
Let us explain: And here we make a statement not only to manufacturers but 


To Our Readers 


The Hardbook of Industrial Instruments and the Handbook of Labora- 
tory Instruments are designed to supply up-to-date information. The 
engineering editor of INSTRUMENTS and the director of technical 
service of the Fisher Scientific Co. are both experienced instrument men who 
for years have witnessed (and taken part in) the remarkable development 
of modern instruments. They both know that alert manufacturers are 
constantly bringing out improved products. They therefore deliberately 
wait, in order that each chapter should represent the “state of the art” 
at the time of printing. 

We are convinced that this is a wise policy. We know that it is ap- 
proved by our readers. We believe that it will be appreciated by those 
who will purchase the Handbooks when we bring them out in book form. 

What is more, six or seven striking instances have already furnished 
conclusive proof of the wisdom of this policy. We may mention some. 


Important First Announcements 

When Mr. Béhar’s chapter on temperature recorders was written, and 
until only a few days before it had to be set in type, there were in all the 
world only two industrial recording pyrometers of the potentiometer type. 
At the “last minute” a third instrument firm informed him by telegram that 
it had brought out such an instrument. Photographs, diagrams and 
technical data followed by mail. Working two successive nights out 
engineering editor was able to re-arrange and expand his chapter and the 
result was the first illustrated description of this industrial instrument to 
appear anywhere. 














Similarly, although the chapter on humidity instruments had been writt 

1929, it was purposely kept ft ir printers, and just before its 
pearance Mr Bél r made ni survey of the ield. Again there Was 
nterchange of telegrams with a manufacturer and-he received a set of ph 
graphs of a new humidity controller directly from the retouching studi 
before these photogray re sent to the manufacturer's own advert 

" 

It was th e story with a new control pyrometer embodying sev 
interesting features. It was the same story with two new hygromet 
indicators. And history will repeat itself. Thanks to this policy the fut 
instalments of both Handbooks will continue to deserve the commendat 
of ir readers—those interested in industrial instruments and contr 
ind those interested in laboratory instruments and apparatus. 


Ah’) 


Gratifying Cooperation 
Both Mr. Béhar and Mr. Schroder, with whom we discussed tl 


7 >T > ] > > rp = | - ve) - > rT 
matters, urged us to remember to express thanks for the assistance they 





receiving from manufacturers,and also from scientific andengineering bodie 
institutions such as the Bureau of Standards, and various individual resear 
specialists It is a pleasure to do SO not s¢ much on their behalf is 
behalf of the thousands of readers of INSTRUMENTS who receive t 
full benefits of this whole-hearted collaboration. 


the books reviewed in this section can de supplied by the Instruments Publishing Company. 








Puoroetectric Certs. By Norman Robert Campbell & Dorothy Ritch 
Isaac Pitman & Sons, New York, second edition, 1930. Clot! 
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Centralized Control Improved 


Production 
A. J. A. Peterson* 


WB pening acne control means more than the grouping together of 
many instruments and control switches into a limited amount of 
space. It also means the ability of one man to control or administer the 
operation of a large number of industrial machines in the same sense that 
1 load dispatcher administers the generation and distribution of power in 














A large chemical plant in Niagara Falls applied to its problem of machine 
and load control the same principles used in the central station industry. 
. 


In this plant, the operator must control and supervise 10 to 14 manufac 
ing units, all forming heavy electrical loads, and must supervise the in 


coming supply as well. He must observe the performance of each of hi 
units, and manipulate the individual controls in accordance with his 
observation of the various instruments. Adequate and satisfactory control 
at the individual units is out of the question. The concentration in 
single control room seems to be the proper answer. However, the cor 
ventional desk or panel board would still be too cumbersome for good 
Operation, so some other form of switchboard was sought to facili 

far as possible the continuous work of the operator. 

Fig. 1 shows the switchboards developed through the collaboration of 


the engineers of the chemical company and those of the Westinghouse 


“Switchboard Engineering Department, Westinghouse Electric & M 
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Electric & Manufacturing Company, as the solution of their particul 
problem. In this arrangement, the operator is seated directly in front 
a 7-section circular board. On these panels are located the various indic 
ing instruments required for close observation and the switches for cor 
trolling the oil circuit breakers and regulating the load. The outer cir 
of panels mounts the protective relays, graphic instruments, and additior 
indicating instruments on which such close observation is not necessary 
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The inner switchboard is made up of 7 panels, each 41” high, 12” wide, 


and 6” deep, all mounted on a 3” high base. The center panel controls tw 
incoming line circuits, and each of the other six panels controls two mar 
facturing units. These were designed as double unit panels in order t 
increase the space factor above that obtainable with very narrow panel 
The outer switchboard is made up of 15 panels, each 90” high, 12” wi 
and 6” deep. Each of these is for one unit, corresponding to the half of th 
inner panel directly in front of it. Standard Westinghouse steel pa 
hI 


construction is used throughout, in order to obtain the best possible effects 
of appearance, light weight, and complete enclosure of vertical wiring. The 


6” depth of panels results in a rigid self-supporting switchboard without 
external braces. The inner panels are provided with a smooth top 
complete cover on the rear, thus completely enclosing all equipment 
normally mounted in the back of a switchboard panel. By this meat 
the inner switchboard forms a rail for the passage way directly in front 
the outer board. The front panel 
channels standing on edge, thus facilitating the entrance of conduits int 
this switchboard. 

The arrangement of the assembly is such that the front faces of 
inner switchboard are on a 42” radius, while the front faces of the outer 
switchboard are on an 84” radius. 

As shown in Fig. 2, the instruments on the outer panels are in line wit! 
the corresponding instruments on the inner circle, this line being a radiu 
on which the two switchboards are erected. Thus, the operator, at t 
center of these two circles, has under straight line observation the inst 
ments and controls on the inner panels and the instruments on the out 
panels, all corresponding to one unit. 


> _ —- } > - _ 
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In addition, the height of the inner switchboard has been chosen so that 

the operator may observe the instruments at the top of the outer switch 
oard, and at the same time have within his vision while seated, the scales 
ind charts on the graphic instruments located near the bottom part of the 
outer panels. This is illustrated in Fig. 1. 

Thus when the operator chooses to make adjustments on a certain unit, 
he turns to that position. He is able to look directly at the instruments in 
front of him, handle the control switches, and also look directly over the 
inner switchboard panels on the same radius line to the corresponding 
instruments on the outer switchboard. In addition, he can glance down: 
ward over the rear edge of the inner switchboard and observe the position 
of the pointer on the graphic ammeter, and the record of the performance 
for the period immediately preceding. 

Undoubtedly, the future will bring similar problems, and it is expected 
that the industrial and manufacturing engineers will be able to develop 
the tools necessary for improved production. 


-—-ors 


To keep pace with its steadily increasing business, the Meriam Co., 
1955 West 112th St., Cleveland, Ohio, has now completed a 50% extension 
to its plant. The building is of the Truscon standardized type, and will 
house the welding department and storage; and will allow the entire space 
in the main building to be devoted to the manufacture and testing of the 
manometers, flow meters, draft gages and shock absorbers. This is the 
third increase in manufacturing space which the Meriam Co. has found 
necessary during the past 4 years. 


oo 


INSTRUMENTS BOOK SHELF 


The books reviewed in this section can be supplied by the Instruments Publishing Company 








Puorogtectric Ceits » THeir AppiicaTions. A Discussion at a Joint 
Meeting of the Physical and Optical Societies (England), June 4 & 5, 
1930. Edited by John S. Anderson. Published by the Physical and 
Optical Socities, London. Paper, 7 x 10 inches, 236 pages. Price 
12s. 6d. 


This book is a compilation of 31 technical papers followed by a report of the general discussion thereof presented 
in June 1930, at a joint meeting of the English Physical and Optical Socities. The papers were read by the authors 
who comprise a considerable proportion of the principal investigators of various countries in the field of light sensitive 
cells and their applications. 

The papers cover a large variety of inter-related divisions of this field including the history, development, manu 
facture, standardization, and application of both photoelectric (electron emitting types) and photo-conductive (sele 
nium, etc.) types of light sensitive cells. Many, although not all, of the modern types of photoelectric cells are 
discussed, the particular merits of each being proclaimed by their respective investigators 

The merits of both selenium and alkali metal cells in the reproduction of sound from film with respect to their 
relative output and frequency response are given. Although selenium cells have an admittedly large time-lag, it is 
claimed that compensation may be readily provided since the response—frequency curve is nearly a straight line 
Various electrostatic and thermionic valve methods of measuring photoelectric currents are described. Applications 
of photoelectric cells to biological work, phototherapy, measurement of daylight, and micro-photometry are a few of 
the many practical uses of the light sensitive tool which are reported. 

A rather complete résumé of the use of the photoelectric cell in spectro-photometry is given. Several instru- 
ments for this work are described and their advantages and limitations are discussed 

In a treatise prepared by such a large number of authors, there is, of course, a lack of both unity and coherence 


he papers are of a strictly scientific nature and will appeal more to the physicist than to the engineer. However, t 
} g { 


~ 


ne who has some working knowledge of the subject, this book will provide many hours of delightful reading and 
Nae It is probably the most authentic and up-to-date single source of specific information on photoelectric cells 
today, 


A. J. McMaster 
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THE HANDBOOK OF INDUSTRIAL INSTRUMENTS 
CHAPTER XI 


Pressure Measuring Instruments 
M. F. Béhar* 
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Section 3. U-tube Forms 64 
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Section 5. Micromanometers 73 

Section 6. Combination Piston and Liquid Columr 78 
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Weight-loa rms ‘ 

8. Inverted Bel I s, and Mis r s g 





ELASTIC DEFORMATION 
Section 9. Springs, Diaphragms, etc., and Their Properties 
section 10. Bourdon and other Tube Gages 
section 11. Diaphragms, Bellows, et 
section 12. Membrane Forms 





section 13. Aneroid Barome sular Spr Gag 
section 14. Other Elastic-emem ] 
section 15. Testing and Adju nber Gag Ma 


section 16. Miscellan f 
ELECTRICAI 
Section 17. Electrical Resistance, Piezoele et 
SPECIAL HIGH-V sg U U M INSTR UMENTS 
Section 18. Special High-vacuum Inst 


Notes 


(1) The design of the present chapter is to describe pressure measuring instrument s, W ith 
out going into their uses. In most cases the measurement of pressure calls for the application 
of very simple principles. Unlike a thermocouple—which to the eye is nothing but a pair 
of wires, yet requires careful study with re spect to its ability to measure temperatures—a 
pressure gage is in principle understandable “at a glance’ even if it embodies elaborate con 
struction refinements. There is then little need for wordy descriptions and it is believed 
that for most industrial types, illustrations—more than 100 of them—can serve the purpose 
by affording the “glances."’ Exceptions are noted below 


(2) To the user of pressure measuring instruments, and to the student of their uses. it 
must be said however that even the most correctly designed and honestly built manometer 
or gage will give fictitious indications when improperly installed or incorrectly employed 
This is true of all instruments, but many sources of error, between the place where pressure is 
to be measured and the pressure instrument, are often overlooked, and therefore the preceding 
chapter should be referred to. Otherwise the present chapter might give rise to erroneous 
first impressions obtained from appearances and brief descriptions 


(3) The great majority of all pressure gages—even the best ones—require 
calibration or standardization. Therefore, Section 1 on Plant Standards and Se: 
calibration are purposely placed ahead of the descriptions of manometers and gages 


(4) In connection with elasticmember gages—such types as Bourdon tube, aneroid b x, 
diaphragm, membrane-and-spring, bellows, helical tube, etc.—pictures and brief descriptions 
are not quite adequate because of the present confusion with regard to nee ong * hysteresis 
endurance tests, and other subjects related to such instruments. The author therefore in 
cludes summaries of recent authoritative reports and discussions on properties of elastic 
materials, sources of error, etc. These apply to all instruments embodying dastic members of 
any form. Busy readers and practical instrument maintenance men may—and no doubt will 
skip these discussions and they may safely put their trust in whatever instruments are supplie 
to them by reputable manufacturers. These discussions are designed for engineers and other 

men that demand more than sketchy descriptions. Hence the references 





“Engineering Editor 
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5) Some non-industrial instruments are included. This is a departure from the genera 


f the Handbook but “‘the scientific instrument of today will be an industrial instrument 
morrow,” and the author has selected only those the “‘industrialization’’ of which appears 


be not only urgent but iminent. 


As an example we may cite the “null method.” A few years ago most engineers would 

have declared this method (that of the potentiometer in measurement of emf) impossible of 

plication for pressure measurement. Today it is successfully applied in liquid column 

struments such as the Erns berger and Whalen and in an elastic member instrument—the 

Paulin barometer. And the latter has already reached the stage of quantity production as 
, commercial article. 


7) Tables of Characteristics—After trying for several months to compile one complete 
table of all important characteristics of all types of pressure measuring instruments, one must 
conclude that the size of such a table would destroy its practical reference value: four times 
he area of this page would be required to present it in small type. One reason is that the 
characteristics vary with the application; another is that even an in dividual liquid-column 
instrument will have different characteristics when filled with different liquids or different 
pairs of liquids. It was therefore decided to print ate il but spec ific and easily consulted 
tables. The principal characteristic is Range of Applicability and this has been given graphic 
ally in the chart which forms part of Table IX in Chapter X. Other characteristics are now 
given in Tables XVII, XVIII and XIX, each of which has been compiled by one company or 


research specialist and gives specific information. 


(8) Neither in illustrations nor in comments has exhaustiveness been striven for. There 
are on the market so many different models of almost every ore that an exhaustive pictorial 
talog of small illustrations and brief descriptions would fill a book. Therefore a selection 
had to be made, both in pictures and text—and the underlying aim was suggestiveness, 
rath er than tedious repetition of what every engines = knows. Several familiar models are not 


ywn and some excellent makes are not mentioned, but the residuum (three or four times 


as , many practical data as are obtainable in any other one source) needs no apology 


1. Plant Standards (continued) 
(Ten pages of Section 1 appeared in last month's issue 
(d) Dead Weight Gage Testers (addendum) 


Another recent development, just reported from England, seems to 
indicate that the honors must go to some of our British cousins for producing 
i line of precision testers including one model designed for pressures up to 
94,080 Ib. per sq. in.—by far the highest pressure for which commercial 
testers are made. In this model, shown in Fig. 239, a special design of 

siston and a novel method of carrying the weights are used on the suggestion 
of the National Physical Laboratory. The N.P.L. also certifies the measure 
ments of the glass-hard special alloy pistons of these testers, which are 
ground and lapped to within the hundred-thousandth of an inch. Inas 
much as these testers have not as yet received any publicity at all in the 
U. S., it may not be amiss——since one purpose of this Handbook is to fill 
gaps—to supply further details: 


Every detail has been specially developed to suit the enormous pressure which has to be 
measured. The body of the screw press and the base of the dead weight gage are forgings 
of high-tensile alloy steel specially treated to obtain density and toughness. The screw of 
the press is geared down at a ratio of 2.5:1. The hand wheel is 36 in. in diameter over the 
spokes. The cylinder of the screw press is made of carbon steel, hardened and lapped, and 
the piston of special alloy steel. The diameter is 12.5 mm. and the stroke 120 mm. The 
filling pump fitted at the back—see right-hand illustration—is made entirely of forged steel 
finished bright all over. The valves are spring loaded. By means of the pusap initial 
pressures up to 6 or 7 tons per sq. in. can easily be produced. The oil is drawn by the pumy 
from a container at the back, There is a valve on the right to control the — and a main 
shut-off valve on top of the body of the press to hold the pressure in the dead weight portion 
while the cylinder is refilled, as is required when the capacity of the vessel unc “ er test is large 
In the ordinary way when a pressure gage with a tube of normal capacity is being tested a 
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pressure of 42 British tons per sq. 1n. can be reached comfortably with about three 
f the stroke of the press plunger. The base of the dead weight gage is fitted at the left 


r 
1 release valve to return the oil to the container after the test 
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Ten measurements were taken over the cylindrical surface, five along each of two 
lines spaced at 90° to each other, and it was found that the surface was truly cylir 
within 0.00002 in 


The piston is fitted with a head and ball socket to support the weight carrier 
weight carrier is loaded with a small balance weight to give a round starting figure 
carrier, balance weight and additional annular weights are machined all over a1 
, : 


to within half a grain dead weight 





When the system has been perfectly cleared of air by rotating the piston and \ 
t t 
] LI 11 
considerable period, the weights, after being set in motion, will revolve for se 
1] 
under the full pressure of 42 tons per sq. in. As the effective left of the piston is 


and the volume of oil required to float the piston is 1/1600th of a cubic inch—i.e., the 


é 
required to raise it from the position of rest to the level of the working height——the 
leakage of oil is extremely minute even under the full-load pressure of 94,080 Ib. per s 


(e) Fluid Pressure Scales (addendum) 
A Swiss fluid pressure scale, of which a number are in use in the | 
shown (somewhat dimly) in Fig. 240. It is a beam balance, the sma 
of which tends to press a piston into a cylinder, oil being the mediu 
usual. Oil does not enter the gage under test, however, but it acts o1 
water which fills the upper cylinder, to which the gage is attached. 
beam carries three knife edges. The one at the left bears on the 
crosshead of a stirrup, the lower crosshead of which carries the p! 
The cylinder 3 is located between the columns of the stirrup and is 1 
fixed to the main frame. The piston may be rotated during a test by 1 
of crank handle 4. Pressure is built up by turning crank handle 1, ' 
operates the screw-plunger arrangement 2. This fluid pressure scale 
measuring capacity of 50,000 lb. per sq. in. The rider on the long 
the beam may be positioned in front of a scale graduated from 0 to 5 
per sg. cm. On this scale, 1/10 kg. per sq. cm. can be easily estimated 
sensitivity of the apparatus is said to be “so great that for a load of 
itmospheres, differences of % atm. are still distinctly perceptible.” 
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(f) Pendulum Manometers 
While the pendulum principle is splendidly applicable in many measuring 
nstruments, and while it has the great advantage of automatically adapting 
» “unit sensitivity” to the order of the magnitude, few industrial forms 
f pendulum pressure or draft gages can be utilized as Plant Standards. 
Most forms are not sufhciently “primary.” The only pendulum gage 
which appears to be capable of being calibrated by itself as well as suitable 
for calibrating gages, is the piston gage incorporated in the pendulum 
lynamometer. As a matter of fact the pendulum dynamometer (Fig. 241) 
is a combination indicating and recording pressure gage. In itself it is not 
, gage tester, because it does not embody a pump for building up pressure. 
As made by a Swiss firm in the form shown in Fig. 241, however, it certainly 
n be considered a “primary” standard of high accuracy over a number of 





























Fig. 240. The Amsler fluid pressure scale (Herman Fig. 241. Amsler pendulum-loaded 
A. Holz, Amer. repr piston gage Herma A. Holz 


ranges—each range depending on the pendulum length employed and on the 
weight attached. Fig. 241 shows the weight detached and the pendulum 
shortened—this disposition being the one for the lowest range. A descrip 
tion of the piston-and-pendulum manometer—as a gage and not as a gage 
tester—appears in Section 7 below. 


Fig. 241 shows the pendulum instrument from the back in order to bring: 
fits parts which cannot be seen from the front. This is not a disadvantag 

he operator standing in front can keep his eye on the large dial, and on the gage under test, 
while manipulating the device 


ae 
Objection may be made to the indication of the standard pressure on a d 
means of a set of standardized weights, but this does not seem reasonable: the dial indicates 
inclination of the pendulum, which is not the same thing as the deflection of an elasti 
And it must be remembered that the head in a liquid column Plant Standard must also 


] 


read on a graduated scale 
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2. Calibration of Elastic-member Gages 

The information given in this section, while obtained in large part from sources which t 
author considers to be the most authoritative, must not be presumed to express the conclusi 
of any society or to be in any respect “‘ofhcial.” 


(a) Suitable Testers 


Micromanometers are preferably used for calibrating draft and other v 
low pressure gages; mercury columns for vacuum and most models of low 
pressure gages; and for all higher pressures the various weight-loaded pistor 
standards are used. The following information applies especially to the 
use of dead weight testers, by far the more widely used. 


Wherever gravitational standards are available, ‘inspectors’ gages” shou 
not be used. Their logical use is out in the field as on oil and gas jobs where 
convenience or necessity dictates their employment. These test gages 
should themselves be large or easily-read, sensitive and permanently accur 


(b) Precautions 


(1) Never Reverse the Lost Motion. There are always two periods, the 
“ascending” and the “descending.” During the first the pressure is 11 
creased continuously; during the second it is decreased continuously. |: 
the ascending period, long pauses are allowable with dead weight or sc 
beam piston standards because there is no chance for a decrease of pressure 
while the piston is floating; but with pendulum or liquid column standards 
the pauses should be just long enough to enter readings, because of the 
possibility of pressure decreasing momentarily. During the ascending 
period the pressure should never be allowed to decrease, and during tl 
descending period the operator should likewise guard against momentaril; 
increasing the pressure. This is the most important precaution in 
calibration procedure. The main purpose of first ascending and then 
scending is to record (or to plot) the “loop” of the gage, and if pressure 
reversed at any time a meaningless loop results, principally by reason of the 
fact that the hand or pen-arm may be momentarily left to itself, and 
because the behavior of the elastic members, under the momentarily 
controlled method of applying the stress, will be different from thei 
havior under the controlled or standard method which is the whole ide 
a calibration procedure. Therefore, during the ascending period, wher 
pressure is being increased, the piston of a dead weight tester should never 
pass above mid-position. After a reading is taken at a given pressure, the 
next weight of a dead weight tester should be added so as to push th 
piston to the bottom stop, and the pump then operated while the pistor 
being spun, until it just floats in mid-position while spinning, without pass 
ing beyond this point. Similar precautions should be taken with any othe 
type of tester. If the desired pressure is exceeded accidentally by tl 
slightest amount, the pressure should be released and reapplied. Wit! 
dead weight tester, the piston will first fall to the bottom and the pres: 
should again be applied so as to secure floating in mid-position while sp1 
ning, without rising above this position. 


n 


When maximum pressure is reached, the pump pressure should bi 
creased so as to pass the maximum pressure and then should be decre 
and a second reading taken at maximum pressure. 
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The pressure should then be continuously decreased. During this de- 
scending period, the piston of a dead weight tester should never pass below 
\id-position. After a reading is taken at a given pressure, the last weight 
should be removed so as to bring the piston to the top while keeping the 
piston from rising too far by the hand, and the pump released while the 
piston is being spun until it just floats in mid-position (and similarly for any 

ther type of tester). If the desired pressure 1s accident: illy passe >d by the 
slightest amount, the pressure should be applied and then released. Witha 
dead weight tester, the piston will firsc rise to the top while being restrained 
by the hand, and the pressure should then be released so as to secure floating 
in mid-position while spinning, without falling below this position. 

A good operator can increase pressure during the ascending period and 
decrease pressure during the descending period, so as never to have to 
reverse and go back, all without any appreciable effort. 

(2) See that Gage Hand is Properly Fastenedand otherwisecursorily inspect 
the instrument to be calibrated, to see that it is in condition to be calibrated, 
as far as may thus be ascertained.* With a recorder, see that a clean thin line 
is produced without friction, and that an accurately punched chart is used. 

(3) Test First for Leaks. Shortly after starting a calibration there should 
be a long pause with the pressure on, to make sure that the pressure does 
not fall due to leaks in the connections. The slow rate of fall of the piston 
due to the oil film crevice being known to the operator, he can tell when 
there is a connection leak. Some connections in the pressure system may 
not be in sight. 

(4) Take Close Readings. The proper weights being on, and the piston 
spinning and floating, the gage—if an indicator—should be tapped lightly 
ind read as closely as possible. The eye should be held directly opposite 
the pointer in order to avoid parallax, and read closely: The reading 
recorded on paper by the operator should be to a fraction of a scale division 

a fifth of a division in most cases. With a large gage-—as the illuminated 
type—it could easily be to a twentieth of the regular divisions, when sub 
divisions have been made in pencil before calibration, but such nicety would 
be wasted if such a gage, after calibration, is to be re-installed ten feet above 
the boiler room floor, and the implied degree of accuracy would moreover be 
too much to expect. In short—use proper discretion. With a recorder, the 
reading is autographic but the operator should rotate the chart for each 
reading so that the pen draws an arc at least an inch in length. The “esti 
mate unit” in the case of most charts depends on the closeness of the 
printed divisions. Whether a recorder should be tapped or not depends on 
the purpose of the test. For a routine calibration as considered in this 
section, it should be; for a determination of friction effects it should not be 


(c) Gage Calibration Procedure 

_The procedure consists in taking two series of readings at fixed intervals 
of pressure. 

The first series starts with the least graduation of the scale and ends with 
the greatest graduation; the second series starts with the greatest and ends 
with the least. The precautions listed above must be strictly observed. 


*,, @ , 

See § section 15 for miscellaneous test 8 pe rian ing to acceptance inspection rather than to calibration 

'The “least reading” is a matter of judgmer For instance an otherwise good gage may be s lt (or w 
hat _cvery time you tap it, the pointer comes to ) rest in a visibily different positior Or the top of the hand ma 





uch broader than the contemplated “unit of estimation” —or so distant from the sca that to read closely is like 
iming a coarse-sighted rifle at a smail bull's eye 
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The Plant Standards should be operated as prescribed by the manufactur 


especially in the case of elaborate instruments. 


The fixed interval between readings is optional. An interval givi 
ies is Customary (i. e., 0, 10 90,100). W; 
with compound scales, an engineer will prescri 


eleven readings in e: ch ser 
retard movements and 

accordingly, and an experienced operator will probal 
told 


ly not need to 


When a gage is desired to be calibrated very accurately “at one point 


only” the interval may be split up in that region. When a gage is desi 
to be “calibrated at one point” it should be calibr ited over its entire ran 


There is no such thing as calibrating any instrument “at one point.’ Th 


is mere “checking 


A single series of readings—ascending or descending—does not 


i 


stitute a calibration test. A pair of series—ascending and descending 


constitutes a test. 


The readings may be plotted on rectangular coordinates against the tr 


values to give the familiar loop, but for industrial plant work and even f 


engineering test work it is better to record them as follows. The readi 


in the UP column are obtained during the ascending period, from the t 


down. The readings in the DOWN column are obtained during t! 


descending period, from the bottom up. 








Place Date Gage No. et Name Other Data) 


Reading of Gage Readin . . Calibratior 
Standard UP DOWN MEAN correctior 
0 2 4” 3 3 
5( 53 55 54 4 
450 446 50 458 +2 
500 499 501 500 0 





The column MEAN is computed to the nearest significant place, 
from its values the calibration correction is obtained. The importance 
the decision as to the “units of estimation between divisions” may now 
seen: it determines the significance of the values, and it defines the tolerat 


In calibrating a recorder it is well to make a similar log, to which the ch 
is later attached. The reason is that for the calibration correction, a colu 
of figures can be interpreted more readily than a chart. In taking a chart 
is necessary to identify the ascending and descending records: little pet 
check-marks on the arcs of the “up” record will do it. The “down” 
are then made each alongside of the corresponding “up” arc, and 
distance between those pairs of arcs as well as between each and the st 
ard pressure circle on the scale of the chart, shows at a glance the perfor 
ance of the recorder over the ten (or five, or twenty) test pressures. 

For graphs and the intrepretation of loops see Chapter I or vai 
publications of the Bureau of Standards, etc. We are concerned here 
with industrial or engineering measurements of pressure, and the sii 
calibration procedure herein advocated is amply sufficient. 
steam gages, there 


ften around 1 ft 


g zero mark on the dia 





rt 
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(d) Resetting the Hand 
If the calibration shows that an indicating gage reads high or low by a 
-arly unvarying error over its entire range or over the region where it is used, 
in adjustment can rei idily be made by removing the 
nter by means of a “hand jack” or puller such as 
is ton in Fig. 242, and resetting. The resetting 
y be done while holding pressure at a convenient 
point by means of the gage tester. The pointer is 
then to be pushed on lightly and a few points checked 
with increasing and decreasing pressure according to 
the above procedure. If the setting seems correct, 
the pointer is to be carefully driven on and then a 
complete calibration made. This final calibration is fis?” 
not superfluous. It is the one that “tells the story.”’ — Asheroft Han 





(e) Adjustment of Rate 


In most cases it will be found, however, that the gage is not merely high 
1 low, but that it is fast or slow. In other words it gains or it loses over 
the Standard, by an increasing error, or by a decreasing error. In the 
majority of such cases the movement may be slowed down or speeded up by 
an experienced man by adjusting the radius of a connection provided with 
slots for that purpose. See Section 15. 

Some gages will be found to be fast over some regions and slow overt 
other regions. In some makes this condition may be corrected by adjusting 
the movement. In those makes it may mean that an unskilled person had 
monkeyed with the multiple adjustment. In other makes such a condition 
may mean an incorrectly graduated scale—or a permanent injury. 


(f) When is Calibration Complete? 


The calibration is complete when the rate has been adjusted if possible 
and when the hand has been reset if necessary, so that a final calibration 
shows that the mean reading of the gage is “correct,” for at least a short 
range in the region where the gage is used. Such correctness may be defined 
as a limit of error within three units of the estimations decided upon between 
scale divisions. Thus if fifths have been decided upon, correctness means 
within three-fifths of a scale division. This, too, is a matter of discretion. 


(g) Check for Permanence of Calibration 


For accurate pressure measurement a gage should satisfy the following 
requirements: After completing the calibration as stated in the preceding 
paragraph it should be removed from the gage tester and shaken and handled 
in a way simulating careful use, without of course, changing the pointer or 
the gage rate. It should then be recalibrated as outlined above, removed 
and handled and shaken again, without changing pointer or gage rate, and 
again recalibrated. If the three calibrations agree within three units of the 
estimations between divisions (but only for pressures ; ibove the first thi rty 
_ fty scale divisions) the gage is satisfactory for “accurate measurements. 

This does not necessarily mean that the gage will read correctly except for a 
fairly short range, but it does mean that the calibration correction will 
remain constant. Needless to add, this paragraph does not apply to pres 
sure recorders, unless a powerful athlete is around. 
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(h) Time and Frequency of Calibration 


For = ite preragy measurements 1n engineering tests, c ilibrations 


nr 
}/1 


calibrations is then used to correct the gage readings during the test. 


— 


tests extending over a considerable period, it may even be desirable to n 


Lil 


eferably made both before and after a series of tests, and the mean of 


an intermediate set « f calibrations. For industt ‘ial pressure measureme 


judgment must dictate the time and frequency of calibrations. W! 


f 


circumstances prevent frequent calibra tion, “checks” by connect g 


standard (ora gor \d test gage) 1n paralle el should frequentl y be made betw: 


regular calibrations 


3. U-tube Forms. 
(a) Visible-liquid. 


Ruggedness, and v arious conveniences for ease of installation anc 


i 


> 


re¢ 


1, 
distinguish the industrial double glass-leg gages. In those used for d 
ferential pressures, nthe characteristic is construction to withstand hig 


line pressures. For the measurement of single pressures with one leg 
to atmosphere there are various syphon models with a riser longer that 
U and connected to the top ol the pressure leg. Most glass tubes 
protected. In many models the glass bend a weak spot—is done 


considerable ingenuity is displayed. Among these may be mentioned t 

new molded bakelite supports (American Meter Company's 5 aah w! 

are adjustable to permit easy replacemen of broken glass. Such 
ision is mostly aw) in portable models. Panel backs and threaded 
nections feature the wall models. Matched pairs of tubes—same inte 


~ 
diameter and uniform bores prevent errors that would arise from the « 
bination of evenly graduated scales with non-uniform tubes. 


] 


This is especially important in the case of long columns, such as the 1 


cury gage shown in Fig. 243, in which the distance between upper and] 


iW 


with and there are robust top and bottom headers in the oe of wh 
I 


headers is 24 inches. In this gage, designed by Professor E P. Cul er 


1 


Pri nceton, the readings are taken from a silver plated brass scale, the up 


r 
end of which is attached to a rider which slides on the g 


glass tubes 
adjusted to the level of the upper column (right tube). T 


] 
he lower rid 


similarly adjusted to the left tube, having : a vernier which permits readu 


to 1/100 in. The front of the gage back is chromium plated and poli 

to serve as a mirror and eliminate parallax. The scale is firmly held 

setting by means of a thumb screw in lower header. The difference i1 

column height can be read ieactiy, due to the design of the scale andr 

Of interest in connection with hydraulic differentials: Air-binding 

inated by being able to fill gage through bottom. Venting valves per 
| 


removal of any air which might become trapped at top. 





Another instrument for hydraulic differentials is the inverted U 
shown in Fig. 244, which is self explanatory. The chief difference betw 
this inverted type and the ordinary type is that the liquid levels in the t 
legs are the actual levels of the liquid measured, instead of being me! 
or another special liquid placed in the U-tube itself. The main advant 
s that there is no mercury to be blown over and lost. 

Description of the gage shown in Fig. 245 seems 
The range is 3 inches, hence this is a “pocket” instrument 
read to 1/100 in. without setting up or leveling. 
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INDUSTRIAL FORMS OF GLASS U-GAGES 


Another high pressure mercury manometer is shown in Fig. 246. It can 
be furnished for pressures upwards of 1500 lb. A ball-check fitting at the 
top of each glass leg prevents mercury from being suddenly blown over into 

i 4 5 ) & d 
the pipe line, due to line surges. For pressures not exceeding 250 |b. pet 
sq. in., this instrument is furnished with a taper plug by-pass valve, built 
into the head, providing a cross-over connection between the two legs, for 
checking the zero level. The design and construction permit of its being 

5 : 8 
made of special materials for the handling of corrosive fluids. 
5 


(b) Contact Manometers. 

Here we have an interesting intermediate form. The glass U-tubes are 
not done away with as they are in industrial pointer or pen-arm differential 
gages; but one may note in Figs. 247 and 249, such industrial features as an 
equalizing valve similar to that used in other flow meter manometers, two 
seal chambers filled with oil to prevent the water or other liquid in the con- 
necting pipes from entering the manometer and short-circuiting the electric 
connection, etc. This gage is used for alarm purposes, or as part of auto 


n 


matic flow control systems, in addition to its use as a measuring instrument. 
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(c) Modified Industrial Forms. 

Doing away altogether with glass tubes seems to be a necessary step in 
the thorough “industrialization” of the U-gage whereby it becomes a flow 
meter manometer. Considerable ingenuity is displayed in the dozens of 
different designs on the market. These are essentially pressure measuring in 


struments but their discussion belongs under flow measurement and control. 





EMERGENCY 
SHUT-OFF VALVES 








ifferential. (Bailey Meter Com- 


Fig. 251. Modified U-gage. Non- 
indicating electric transmitter. (Brown 
Instrument Company) 


MODIFIED U4GAGES FOR FLOW METERS 





As Fig. 250 shows, this differential indicating instrument is of the boile: 
panel type. A top view (not shown) would bring out its narrow construc- 
tion which permits it to fill one space in a “multi-pointer” assembly of 
individual instruments arranged into one uniform row of illuminated “end- 
on” scales. (For a typical multi-pointer gage see Fig. 335). The U-tube is 
mercury-filled and has three legs of uniform diameter in order that the mer- 
cury level will change more in the center or measuring leg than in the others. 


For “television” purposes as required on many modern industrial ap- 
plications, electrical long distance transmitting systems have been developed 
in which the measuring instruments, instead of —or in addition to—operat 
ing a pointer or pen-arm, transmit electrical impulses. A non-indicating 
manometer transmitter—for pressure, liquid level, etc.—is shown in Fig. 
251. A float rests on the surface of the mercury. The float carries a non- 
magnetic rod, to the upper end of which is fixed a magnetic arm moving 
freely up and down a pressure-tight non-magnetic tube. Over the outside 
of this tube is slipped a divided inductance coil. (For details see Fig. 341.) 


Space limitations prevent showing other ingenious forms. 


Another modification of the U-gage is dealt with in Section 8, heading (b). 
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(d) Multiple U-gages. 
By connecting a number of U-gages in series, one obtains the equi, 
of one U-gage of greater length than can be «ccommodated in an ordi 


building. Mercury is generally used, with water in the top connect 


successive bodies of air or gas would compress progressively and comp! 


readings, beside bringing in greater temperature corrections). The aut 


knows not a single reason why such instruments could be used in ind 
in preference to loaded piston gages. The Bureau of Standards, how 
uses one such instrument of extreme accuracy, concerning which a pa} 
to be issued shortly. 


4. Single Tube Forms. 


Strictly speaking, the only single-column type of instrument is the 1 


illustrated in Figs. 270 and 271. The other single tube instruments ar 
single column manometers or gages, but modification; of the two-colur 
U-gage in which, for the sake of convenience, one leg is a large reserv 

also called a chamber, cistern or well—and the other leg is a comparat 
narrow-bore tube which is graduated. The graduations are not etche 
the tube itself, in the commercial forms, but appear on a scale next t 
tube. The scale is generally adjustable up and down, to facilitate 
setting. In some of the industrial instruments, this scale is more 
direct-reading, that is to say it is corrected for the ratio of the diamet 

the two legs and is adjusted only when the volume of liquid has 


changed. In other instruments the scale, graduated in true linear unit 


adjusted whenever a reading is taken—its zero point being made to coir 
with the level of the liquid in the cistern. In instruments filled 
liquids other than water the scale may also be compensated for s; 


gravity as well as chamber displacement, to read inches of water.* S 


graduated in pounds and ounces, pounds and tenths, ounces and tent 
etc.,—all per sq. in.—are also carried in stock by several makers. Squat 


root scales are of course the ones provided as a rule when the instrument 
to measure differentials across the primary elements of flowmeters. 

There are two important advantages: (1) The scales are more open 
a cistern having an area 250 times that of the tube bore, an ordinary 
scale will give direct readings witha negligible error without being : 
(2) Only one scale to read. 


(a) Vertical Tube. 

To this group of instruments—all of single vertical tube forms 
belong numerous types, to which it is impossible to do justice in the 
fines of this section. Considering however, the industrial applicat 
there may be singled out the mercurical vacuum and absolute pressure g 

A representative direct-reading manometer with large reservoir is s 
in Fig. 252. The reading scale is placed between the glass tube at 
semi-circular frame, with divisions running from one side to the ot! 
may be seen on the illustration. For low ranges, oil is used with an alu 
manometer frame; for higher ranges mercury, with cast iron frame. D 
scales are featured, reading inches on one side and ounces on the 
Pressure connection is made at the back to the reservoir, and the top 
glass tube is open to atmosphere, so that gage pressure is indicated 
with other arrangements the gage can read vacuum or differenti 


“The use of oil in draft gages for the indicating liquid, together with this compensating feature, 
and introduced by Lewis M. Ellison 


EEE 
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INDUSTRIAL 
SINGLE VERTICAL TUBE 
MANOMETERS 





The scale or the Blast Pressure Gage, Fig. 253, “is of nickel silver. Each 
scale is hand divided, to be correct for the particular gage it is to fit... 
unavoidable variations in the bore of glass tubes.” Other features are large 
tubes with a liberal quantity of mercury, several coats of baked enamel, etc. 

Mercury blow-over into the pipe line is prevented in the line of instru 
ments of which Fig. 254 shows one. Other features are lettered on the 
illustration. An attractive possibility with some of the models is panel 
board installation with only the rectangular case and hand-valves showing. 

Among the many other interesting forms of well-type direct-reading 
vertical tube gages, there may be mentioned the multi-tube instruments in 
which several gages are assembled in a rectangular case. The author was 
pleasantly impressed with one comprising five gages— large tubes filled with 
red oil and readable at quite a distance on one white enameled scale running 
clear across the back of the tubes. 


Mercurial vacuum gages of the open-cistern type are shown in Figs 
255, 256 and 257, the first and third showing also the trap or catchall which 
is a necessary adjunct wherever there is danger that liquid will be carried 
over to the space above the mercury in the tube. The true barometric 
type is shown in Fig. 255, which in fact embodies a high-grade mercurical 
barometer constructed exactly like the “Observatory pattern’ described 
in Chapter X (Fig. 215). Such instruments can be used for very close 
work, as in tests. Some have verniers, reading to 0.001 in. and by using 
them together with the corresponding barometers, corrections cancel out 

Fig. 256 shows a gage housed in a cylindrical steel case with bronze-framed 
plate glass front. The tube is 1 in. internal diameter and having no bends 
is easily cleaned. The cistern can be removed readily for cleaning and filling. 
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Except for a rectangular instead of a 
roundcase,and for other minor features, 
(\ the same description can apply to the 

~ gage part of the instrument shown in 
Soa ee : 
| Fig. 257, which is further described by 
| the following extracts from the maker's 








pecs vac | | = . 
8) | directions: 
Et | ‘ , 1 
U8) |e Connecting Gage—After securely mounting 
| 1 1 
eI | the gage, connect union E to the vacuum line 
Q 320) 


Do not apply white lead to the pipe connections 
(9 Fi) | E21 on the gage, as these are furnished with ground 


y seats and soldered threads, and are air tight. 

' y Connections in the vacuum line must be leaded, 
iz || E23 as well as the nipple connecting gage to line. 

6 | Eee) Filling Cistern with Mercury—Disengage 

5/8 thumbscrew C and remove wooden block G and 

a2| [Zu F bottle F into which pour sufficient mercury to 


raise the level to the zero scale division when the 
bottle has been again installed in the gage. After 
returning bottle and block to their original 
| | positions, insert glass tube B nearly to the 
| bottom of the bottle. Stopper A is not made 
air tight, as atmospheric pressure must act on 
the surface of the mercury in the bottle 
Setting Zero—Turn knurled adjusting knob 
| D until zero on scale coincides with level of 
| mercury in bottle. 





In the absolute pressure type of 








zs (es LI vacuum gage, Fig. 258, the upper end 
7 ~~ <> GI of the glass tube is closed and the tube 
E | ee has been exhausted at the factory so 


that with atmospheric pressure acting 
on the reservoir C the mercury fills 
the tube. When the instrument is 
ready for use as shown and with 


6 ray 

aN union E connected to the vacuum ap- 
\\ paratus, the absolute pressure may be 

del le) read directly on the scale. 
\ } 
\\ yy | | Pi Fig. 258 on gee, I ne trap —— 
rt \ / (VM) _4|_ As received, sealing cap is on instead of 
~ “nN Yo ¥ . r 
~~ * EEL a vacuum connection G. After K is removed, 


= AY a tae sealing screw H is loosened, opening a passage 
| eer = between reservoir C and the tube. When this 


has been done, G is then permanently connected 
i Masia dbechissnersenre oan Mercury level is adjusted by turning spindle B 
J. Tagliabue Mfg. ( with clock key A, raising or lowering plunger D 
and displacing more or less mercury until the 
mercury level touches the ivory pointer visible 


through sight glass J. 


Draining the Trap is accomplished by turning 
the handle of cock L from the normal vertical 
position, to the horizontal position indicated by 
the dotted lines. As the cock has a three way 


On facing page 


BAROMETRIC TYPE feature, this quarter turn simultaneously closes 
MERCURIAL OPEN-CISTERN the passage to the gage and opens the trap to 
VACUUM GAGES atmospheric pressure, permitting the moisture 


to drain off, when petcock M has been opened 
Petcock M should be closed before returning the 
handle of cock L to the original upright position 


f 


rigs. 255 & 256, Taylor Instrument ( 
rig. 257, C. J. Taghiabue Mfg. Co 


1panies 
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INDUSTRIAL FIRMS OF 
INCLINED TUBE GAGES 


i 











(b) Inclined Tube. 


The principle of the inclined tube gage is simple enough not to requi 


diagram. Let A be the area of the reservoir and a that of the tube | 
As pressure is applied to one leg, say the reservoir, the level there drops 
a small distance, h;, while the level in the tube rises over the verti 


tance h of which the inclined component (the travel of the liquid up t 


tube) is D. Let @ be the angle of the tube to the horizontal. The su 


h, and he obviously represents the head H corresponding to the measure 


pressure, for h, and hz are always in opposite directions from zero | 
The multiplication factor of the gage, then, or D/H, = 1/[sin a 4 

In the industrial instruments the usual maximum multiplication 
A greater sensitivity would often be accompanied by sluggishness, and s 
inaccuracies in tube bore or in leveling would cause serious errors. 

Of the several industrial makes, the oldest is selected; and of its it 
ments, four are shown. Fig. 259 is a ten-inch gage with a one-inch « 
range—the actual liquid however being a light petroleum oil of fixed gt 
and satisfactory surface-tension characteristics. As many as four gage 
be assembled into one multiple instrument. Fig. 260 shows a tw 
draft gage for furnace and flue drafts with zero ends of tubes open t 
mosphere. An inclined-vertical gage for air and gases, for suction, pre 
or differential, is shown in Fig. 261. The scales read water head. A 
and compact outfit, Fig. 262, features micrometer scale adjustment, 
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5. Micromanometers. 

Precision forms of pressure measuring instruments are vari 
as micromanometers, multiplying manometers, etc. We include here the 
differential liquid manometers and inasmuch as the instruments to be dealt 
with in this section are not strictly industrial, mention is first made of the 
Bacharach differential liquid manometer which is an industrial instrument. 
The large leg is the reservoir while the other leg is of “medium” diameter 
at the bottom and of small diameter above. Mercury falls a short distance 


in the reservoir and rises a greater distance in the “medium” section, ex 


pelling oil a still greater distance up the narrow bore above. 
There occasionally come up in plants questions requiring very accurate 
measurement of low pressure, draft or differential. Seldom is there time for 


selecting and obtaining a micromanometer (not to mention putting through 
the appropriation). Knowledge of the differential liquid principle makes it 
possible to contrive a micromanometer exactly suited to the application 
involved. The clearest “working explanation” is that in Experimental 
Mechanical Engineering by Diederichs and Andrae 


The two legs of the U-tube, Fig. 263, of area a, are enlarged near the top into two reservoir 
each of cross-sectional, area A. The heavier liquid of density z, fills the right-hand side 
ind the left-hand side to the contact surface CD, with the lighter liquid of density 4; above 
CD. The two liquids must of course be non-miscible, and, since the reading consists in 


letermining the motion of the contact surface CD, the latter must be clearly defined 


With impressed pressure P; and P» equal (Fig. 263), the contact 
so that his; = hos If now pressure P, is greater than P: by ar 
the level will fall a distance x in the left-hand reservoir and rise the 


nd. But the motion of CD downward to a new equalization px 





] 


istance x. For the equilibrium condition we may now write, measu 
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The impressed pressure will then be, since h,4, hobs 
A A 
AP = P, P, = x S (82 + 61) t+ (42 6 { 
a / a \ 


A : 
The observed magnitude is x, the other factors are constants of the instrument. 


a 


The multiplication factor of the instrument is 


A x 
~ l 
AP 
, a ( 
(de + 4)) tT (de 51) 
A 


- a 
This will be the greater, the smaller the value of and the smaller the difference 
A favorite pair of manometer liquids for the mutiplying manometer is kerosene and a 
Where both liquids are naturally water-white, one must be colored. See Chapter X,S 


A A ‘ : 
5. Assuming that the ratio of 1000, and that 8, for alcohol = 0.80, 6 for ker 
a 


= 0.81, we shall have a multiplying factor of approximately 86.1. This can be mater 
increased by decreasing 6» 8;. It may be necessary to mix several liquids to obtai1 
desired relation between 8: and 4;. It is in general better to determine the factor by 
calibration against known pressures. 


A modification of this manometer is shown in Fig. 265. Here the heavier liquid | 
fills the U-tube, the lighter liquid resting on top on both sides. A cross-connection wit! 
valve serves to equalize the lighter liquid on the two sides with the manometer open t 
atmosphere. Closing the crossconnection and impressing a pressure say on the left 
causes a movement downward of the contact surface on that side a distance —x, and an eq 
rise of the contact surface in the right leg. The observed magnitude is 2—x. The equati 
for this manometer is 





A § a 
AP = 3 x46 + (5 5) 
a ( A ) 
and the multiplying factor is 
2 A x 
a l 
AP eC 
+- (> 81) 


ay a 


For the same conditions as previously assumed, this gives a factor of 92.6. There is 
sequently no great difference in the sensitivity of the two types, but the former is to be pr 
ferred because it requires the observation of only one level, which is of advantage 
fluctuating pressures. 


Of all micromanometers on the market, it would seem that the n 
“industrial” —rugged, fool-proof, etc.—is one which unfortunately co 


at present only in metric graduations, being of German make. That is 
} 


a big objection and the Minimeter, Fig. 266, deserves inclusion here. Ex 


tracts from the maker’s description follow: 


The Askania Minimeter is a water column micro-gage accurate to within 1/100 of a 1 
metre of water column. The principle upon which it is based is the use of two intet 
municating containers, one of which is raised until the difference in height between the tv 
water levels balances the pressure that is being measured. When taking readings, the sur! 
of the water is brought to the true zero position by sighting a gilt pointer located in the u 
the image of the pointer being reflected by the surface of the water. The height of 
at which the extremity of the pointer just touches its reflection can be determined wit 
aid of a mirror to within 1/100th of a millimetre. The total range is 120 millimetres, pr 
or differential 
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To use the Water Column Minimeter, the instrument must first of all be set truly horizon 
tal by means of the levelling screws A and the level B which is let into the base of the instru- 
ment. Bring the pointer F to zero and admit water through the nipple P until the surface of 
the water is about level with the extremity of the pointer H, which can then be brought dead 
level with the surface, that is to say, to the zero position, by turning the screw O until the 
pointer H, when seen in the mirror J and magnified by the lens K, just touches its reflected 
image. 

The pressure to be gaged is then connected up to the nipple P by means of a length of 
rubber tubing; if differential is to be determined, the lower pressure is connected toF. As 
soon as the pressure is on, the level of the water in the sighting container G will fall and the 
equalizing container M must then be raised by turning the knob C or the milled ring D to 
which it is connected, until the surface of the water has resumed its original level, i. e. until 
the pointer H again touches its reflected image, when the pressure in millimeters of water 

umn can be read off on the scale L or on the fine division scale N. The latter has 200 sub- 
livisions, each sub-division representing the one-hundredth part of a millimetre so that one 
complete revolution of this scale represents two millimetres of water column. 


Adhesion and surface tension of the measuring medium do not affect the Askania Mini- 
meter, because the surface of the water is level when the reflection is adjusted and the reading 
taken. The correction required for temperature can be deduced from the difference between 
the expansion of the gage spindle and the expansion of the water, but as the coefficients of 
expansion of water and of brass are very small, the necessary correction in most cases will be 
ess than 1/100 th of a millimetre, so that the accuracy of the gage is not affected. It is 
immaterial ‘whether the containers are of the same width or not, because the surface of the 
water is always brought back to the same level for each reading. Thus, whatever form the 
pressure May assume it is immediately converted into water column. The steadying effect 

if the tube connecting the containers is so pronounced that it will suffice for most purposes 
If the pressure fluctuates very much, this steadying effect can be intensified at will by com- 
pressing the tube. 


The best known commercial micromanometers for laboratory use are at 
present the Chattock, the Whalen and the Krell (the McLeod is a vacuum 
gage). They will be found described in the Handbook of Laboratory 
Instruments and Apparatus by Schroder. A brief extract on the Chattock 
Gage may be in order. 

The instrument is similar in principle to a U tube, the difference of pressure on the surfaces 
of f the water in the two legs of the tube being measured by tilting the gage through a small 

igle, so that there is no displacement of water along the tube. Errors due to capillarity and 
viscosity are thus avoided. The glass U tube of unusual form (see Fig. 267) is mounted on a 
metal frame, the tilt of which can be varied by a micrometer screw. The left leg of the 
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f 
| 
| 
67. ( ( 
U tube is continued upwards into, and is t wi 
right limbis connected This vessel is filled x s tl 
tap at its upper extremity with an oil reserv e 1 
water, which is formed at tl f the left | ves 
illuminated by a small mirr ts | ybserved | e att 
to the frame. Any alteration in the difference of pressure rT 
extremities of the U tube causes a displacement of the separation surface, which is k 
coincidence with the cross rotating the micrometer head 
The dimensions of the volution of the micrometer screw aa 
ater The micrometer scale has | Lae 





ponds to a pressure d 


visions, and a movement 


juarter of a scale division can be 





the microscope, enabling the p > to be observed to 0.00006 inch of water 
micrometer screw is fitted \ 1, which enables the gage to be tilte 





considerable rapidity. 

A super-micromanometer, ten times as sensitive as the comme! 
Whalen and Chattock gages, i. e., reading to the hundred-thousandth 
inch of water, was designed by J. L. Hodgson. Those built have giver 
cellent results. This instrument is rugged enough (see Fig. 268) 
classed as industrial. The designer, a noted English physicist, and me 


of the staff of Instruments, described it in the April, 1929 issue. 
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An instrument to which the author has taken a strong fancy and which 
would seem to lend itself to “industrialization” is the micromanometer 
jesioned by Prof. Ernsberger of Cornell and shown in Fig. 269. 


It is essentially a cistern type of manometer utilizing the null method of indication. The 
lar ring A—A’ is the reservoir. The two legs of a U-tube L—L’ are tapped into 
:metrically opposite sides of A—A’. From the bottom of the U-tube a flexible rubber 
tube H’/—H connects to a bent glass tube T’—T. The ends of T’—T are vertical but the 
middle portion has a slope of 1 in 10. An index line Z is 


located on T’ T where it crosses the center line of the instru 
= ; ment and the tube is kinked so as to have a slope of about 
Connection 1 ' : 
1 in 100 for about 1% in. each side of the index mark. Leads 
Board 
B are carried from the end of the glass tube and from the annular 


ring to an H-connection shown below. When used to 
measure a differential, cocks C; and C» are closed and C 
is opened. Reservoir A—A’ is then raised or lowered by 

“ ¢., turning micrometer screw S until the meniscus of 
ithe liquid in T’—T stands at the index 

; mark Z. This’is observed by reflection in 
High Pressure mirror M through reading glass G. When 








| M  Connertion a this adjustment has been 
made and the reading of 

Low Preasure graduated disk D has been 

or Atmospheric noted, cocks C; and C) are 

Connection opened and ( 4 ¢ losed The 


higher pressure acting 11 
tube T’—T will drive the 
liquid down that tube and 
into reservoir A—A’. This 
reservoir is then raised by 
screw S until the liquid ts 
igain brought back to refer 
ence mark Z. The amount 





necessary to raise reservoir 
A—A\’ is a direct measure 
ment of the differentia! to be 
measured. 












































When used to measure a pressure rather than a differential, the cock C» is left open to the 
atmosphere at all times. Otherwise the procedure is the same. 


he advantages of this instrument are: (1) the inherent accuracy of the null methods of 
measurement, (2) the simplicity of a single liquid and single indicating surface, (3) stability 
of the indications under slight disturbances of level and (4) ability to repeat readings to the 
accuracy to which the micrometer can be read, usually 0.0001 in. 








Compression Manometers—The principle, compressing a volume of gas 
in a closed-end glass tube, was discussed in Chapter X and its limitations 
pointed out. A successful application of this principle is found in the 
J McLeod Gage. This being used principally for measurement of high 
vacua, it is described in Section 18. 
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6. Combination Plunger and Liquid Column 


If one examines only Fig. 270, he will class the instrument as a li 
column manometer. If he turns to Fig. 271 and covers the upper part \ 


his hand he will opine that a piston gage is shown in partial section. This 


instrument is in fact a liquid-column-loaded piston gage, akin to thos: 
the next section that are loaded gravitationally (with dead weights, s 
beams and weights, and pendulums), but no kin to the above-descri 
liquid columns nor to the spring-loaded piston g 
This is a true gravitational instrument. There i 
appreciable “diaphragm effect." The maximum t: 
of the differential plunger is 0.02 inch. The press 

















of error comparable to that of other gravitati 
instruments) by the head of mercury over the area 


weights of the moving parts. Theoretically it is 


the calibration is permanent—so permanent, from 
reports, that such an instrument is advisably used 
a Plant Standard for calibrating tube gages—not 

by users but by makers of tube gages. Its first c 
by the way, greatly exceeds that of the tube gage 


f 








Q  , 4702-4) 
OS foo 


~ 





The Pneumercator 


acting under the plunger is balanced (within a limit 


the large diameter plus a constant value due to th 
“primary standard” which can be calibrated by itself 


As built, with features designed for industrial service 
its scale is graduated against a primary standard, but 


equal range which it is replacing in considerabk 
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numbers. This instrument comes in ranges up to 25,000 Ib. per sq. in., the 

inimum reading being from 2% to 4% of the maximum. The meccury 
column is 36 inches in all ranges only the diameter of the small plunger 
varying according to the maximum pressure for which an individual gage 1s 

built. Accuracy is the same at all points—there is no “preferred region. 
Fluctuations cause no injury and are damped out especially at fre quencies 
higher than two cycles per second. The usual temperature correction for 
a mercury column of uniform cross-sectional area does not apply: a greater 
correction is required, the table for which is supplied by the makers. A 
water or glycerin seal must be used with fluids liable to attack the rubber 
of the lower diaphragm. 


Weight Loaded Piston. 


Loaded piston gages are divided into weight loaded and spring loaded. 

The latter come under elastic deformation. The former, here considered, 
are divided according to the method of loading: (a) dead weight, (b) scale 
beam, and (c) pendulum. 


(a) Dead Weight Gages. 

Dead weight testers, such as those described in Section 1, heading (d), 
all comprise a gage portion in addition to the pump and other appurtenances 
related to testing. Such gages can only be used for the measurement of 
steady pressures. Even slight variations preclude their use. Their ad 
vantage is extreme accuracy. The Bureau of Standards will shortly issue 
a paper describing a group of weight-loaded piston gages constructed 
and used there, concerning which the following may serve as an unofficial 
abstract: 

These piston gages were calibrated both as absolute instruments by means of measurements 
of the piston diameter and width of crevice, and as secondary instruments by direct com 
parison with a quintuple U-gage (15 bar differential mercury manometer). Slight irreg 
larities in the forms of pistons and cylinders, as well as the tendency of the piston to descen nd 
on account of oil leakage, impair the accuracy of the absolute calibr: ati mn, but in the gages here 


considered the effect of the irregularities is exceedingly slight, and that of the leakage is en 
tirely negligible. 


It is concluded that (1) on account of secular changes in the dimensions of steel, the piston 
gages require occasional calibration when an accuracy better than 3 or 4 parts in 10,000 is 
desired, (2) the absolute calibration, although not as accurate as the direct comparison with 
the manometer, agrees with the latter method within 2 or 3 parts in 10,000, (3) the piston 
gages are sensitive to 3 or 4 parts in 100,000 and could probably be used with that accuracy 
if secular changes in the steel were eliminated, (4) the effective area is not affected by the rota- 
tion of the piston, (5) the change in effective area with pressure is less than the experimental 
error of measurement. 


(b) Fluid Pressure Scales. 
The same remarks apply. See Section 1, heading (e). Slight fluctuations 
in the measured pressure do not preclude their use 


(c) Pendulum Manometers. 


As mentioned in Section 1, heading (f) this instrument is more of a gage 
than a gage tester. Figs. 272 and 273 show the construction of the Amsler 
instrument in its standard form for use with a testing machine—that of a 
dynamometer with a recording drum 13 along which pencil 12 travels’ in 
proportion to the pressure (load on test bar) while thread 17 rotates the 
drum in proportion to the deformation undergone by the test bar. 
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From pipe 1 the pressure of oil is led by pipe 3 to cylinder 4 in which the measuring pi 
moves. The communication between pipe 1 and pipe 3 is always open and cannot | 
This arrangement ensures that piston 5 is always subjected to the same pressure as that 
t 


is to be measured 














Under the influence of this pressure, piston 5 produces an inclination of the pendul 
means of connecting rods 7, through cross yoke 8 and lever 9 which is secured to spit 
' 4 “pil : eg 
f the pendulum. The pendulum is inclined until the reaction on piston 5 due to t 
ilum’s inclination exactly balances the action of the oil pressure on the piston. T 
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clination of the pendulum is then communicated by arm 16 to a moving pointer 11 


dial 11 which is grad 


uated. The pendulum on being ir 
13 


surface of the recording drum 


4s 


clined, also moves pencil 12 


Pendulum rod 6 is loaded with weight 27, which is slipped on to pin 28. Pendulun 
th 





The pendulum is arra 
one-half and the whole of the maximu 
of the machine. To change from one range to another. it is only necessary to move tl 
pendulum rod 6 in its fixing loop 25 and to fasten it in the suitable position by means 
he pendulum rod is therefore provided with four holes through which the pin 261 
passed; each hole is engraved with the number indicating the range to which it corres 
For the greatest sensitivity the weight 27 is taken off. 


i 

can slide in the loop 25, and it is held in place with the pin 26 
, : : 

a rule for four different ranges which are 


A by-pass return valve 18 is fixed in the connection 38, to prevent the pendulun 


falling back to the vertical position too quickly when pressure is released. 

Measuring piston 5 is rotated by means of pulley 35, so as to eliminate almost con 
any friction which might exist between the piston and its cylinder. The rotati 
piston 5 is so accomplished that the piston is subjected to no sidewise or axial force wi 
it is only acted on by a couple. Generally pulley 35 is driven off the cam shaft 
pump used for working the testing machine. But an electric motor may be used, or 
operation crank may be mounted on crosspiece 36. 











ebruary, 1931 INSTR ME NTS Page 8 


8. Inverted Bell, and Miscellaneous Gravitational 
We now return to more familiar forms, seen in almost every boiler room 
The group of instruments here considered includes modified U-gages 
which in principle belong in Section 3, heading (c), but in construction, 
general appearance and applicability resemble inverted bell gages much 
ore than they do the U-tube prototype, as a glance at Figs. 286 and 
287 shows. 
Most of the instruments dealt with in this section are for low pressures 
ei ither positive or negative. Most are draft gages or gas gages, for such 
plications as pit, furnace, uptake, various passes, economizer inlet, outlet 
" differential, preheater inlet, outlet or differential, burner pressure, 


eté., Cu. 


(a) Inverted Bell 

A tube passes through the sealing liquid to the inside of 
connected to the measured positive or negative pre ssure. If the other enc 
of this tube were open to the atmosphere, a “plain” inverted bell with 
solid metal wall, without counterweight, and sealed in water, oil or kerosene, 
would sink, because a unit section of its wall weighs more em in the liquid 
it displaces. Conversely, a base-metal wall will be buoyed up by mercury, 
ra hollow wall acting as an air chamber will also float the bell in water 
rr other light liquid. 

It is simply an application of the Archimedes principle 


In any case, though, a plus pressure inside the bell will cause the inside 


‘48 
the bell and is 


LITA 


‘iquid level to be lower than that outside; and draft will raise this liquid 
level. 

Instead of, or in addition to, being buoyed, a bell may be counter 
weighted so as to compensate for varying immersion 
being proportionately submerged in the sealing liquid. 


the counterweight 


Pressure or suction is measured by gravitational loading of the bell, by 
opposing weights greater than exactly-balancing counterweights, by 
systems of calibrated weights together with pendulums, levers and other 
mechanical movements designed to make evenly-graduated scales pos 
sible, etc. 

These few and simple principles have led, since more than a century 
ago, to the invention of hundreds of different instrument mechanisms, first 
in Europe and, in more recent decades, in this country. There, the trend 
seems to have been toward large and fancy delicate instruments; here, it 
is toward small, plain, standardized gages. Some English and German 
inverted-bell instruments are compensated for almost every possible error 
and are sufhciently sensitive and accurate for precision measurements 
American gages of standardized commercial forms are not far behind in 
intrinsic accuracy, and certainly are preferable for industrial purposes 

Visibility seems on the whole to be the prime requisite in this group of 
industrial instruments. If a pointer gage for zero to one inch water he id 
has a ten-inch illuminated scale that can be read twenty feet away to the 
twentieth of an inch of water, that alone gives it an advantage even over 
in inclined-tube red-oil gage; and from the standpoint of usefulness to the 
boiler room crew it undoubtedly is a better investment than a water U-tube 
costing one-twentieth as much. 

Indicators (pointer gages) are shown on the next two pages; recorders 
on page 84. 
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PENDULUM-LOADED INVERTED BELL ANI 


Figs. 274-277 Ellison Draft Gage Cx 


The four styles of pointer instruments are shown above, across the tv 
pages: (1) the square or “fan’’ shaped case with quadrant scale, (2) th 
“straight-line” vertical edgewise, (3) the convex vertical edgewise, 

(4) the round-dial with either a full-circle scale or the more usual 300° sc 

The dial type pointer draft gage shown in Figs. 274 and 275 is made 11 
one or two pointer cases and in 0 to 5 inch water and 0 to 8 inch water 
minus or plus (in the 6, 7 and 8-in. ranges a well extends 334 in. below th 
case). The bell has a displacement of 8 cu. in. The ratio of pointe 
movement to bell travel is 5 to 1. The liquid is a light gravity miner 
oil for the usual boiler room temperatures; for low temperatures a low 
gravity kerosene. 

The “straight-line” movement (Figs. 276 and 277), consists of “a syster 
of correlated levers with an incremental gravity loading mathematical 
correct in relationship, thereby providing a pointer movement that gives 
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AIRCHAMBER BELL PRESSURE INDICATORS 
Figs. 278-281 Bailey Meter Co., Fig. 282 Bacharach Industrial Instrument Co. 
a true arithmetical indication of the actuating pressure over the entire 
range of a straight-line scale of uniform spacings.” The bell is of 10 cu. in. 
displacement for the 1 and 114-in. range gages, 214-in. diameter by 2%-in. 
travel. For the 0.6 in. range gage the bell has a 234-in. diameter and 15 
cu. in. displacement. The ratio of bell travel to pointer movement gives 
a multiplication of 4 to 1. Areas of bell and pan are so proportioned that 
the gage can be refilled, under full draft range, without disconnecting 
pipe lines and without affecting the reading by more than 0.001 in. in the 
average ranges. Liquid level can be observed through the filler tube; 
the top edge of the bar (seen in cross section) is the normal level and the 
bottom edge the low level. A plate glass window in the case admits light 
lor viewing the liquid level. 
The general type of multi-pointer casing shown in Figs. 278 to 281 comes 
in three styles: wall mounting (Fig. 279), semi‘flush front or panel-board 
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Fig. 28¢ Fig. 287 ff 
INDUSTRIAL LOW-PRESSURE RECORDERS WITH DIRECTCONNECTED PENS 
All cuts on this page, Bacharach Industrial Instrument C 
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unting (Figs. 278 and 281), and full flush front type for panel boat 
unting (not illustrated). “Permanence of calibration is assured as the 


.echanism consists of an oil sealed bell so compensated that changes in 


il level will not affect the calibration.”’ How this is achieved in the low 


ressure unit may be seen in Figs. 278 and 279: the counterweight has the 

me cross sectional area as the walls of the bell and 1S dippe | into the oil 

that when the beam is once balanced with the pointer on zero, there 
will be no change in the zero reading due to changes in the level of the 
il, or its density, with different temperatures. Minimum range for the 

| pointer motion of ten inches is 0 to 0.2 in. water; maximum is 0 to 10 in 
water. (Pressure or suction.) Fig. 278 shows a mechanism for ranges not 
exceeding 10 in. water; Fig. 279 shows a three-pointer gage and the 
visible mechanism is for ranges from --3 to +0.5 in. water. 

Mercury sealed bells are used for pressures exceeding 10 in. but not 
excee ding 25 in. water head or suction. These units operate on the same 
principle as the oil sealed unit shown in Fig. 278. 

The inverted-bell principle can be used for measurement of pressure 
differentials. In industrial instruments this is preferably accomplished by 
using two bells. Fig. 281 shows the construction of a representative instru 
ment suitable for any range in differential between 0 to 0.5 and 0 to 10 in. 
water. The static pressure, however, must not exceed minus 7 in. to 
7 in. water. 

A pointer travel of 19 inches (300° scale on a seven-inch dial) for 0 to 1 in 
water is provided in the portable indicator shown in Fig. 282. This instru 
ment stands about 25 inches high and is of quite simple and rugged con 
struction. Maximum range is 4 in. water plus or minus, or 6 in. tota 
zero center with 3 in. maximum plus and minus). 

Inverted-beil recorders are shown in Figs. 283 to 286. Fig. 283 shows a 
wall type suitable, with water as the liquid, for maximum ranges of 4 in 
water. Charts are 4 in. wide and 15 in. long. Fig. 284 shows a floor type 
for maximum ranges of 20 in. with water. Charts are 6 in. wide and 19 in 
long. Fig. 285 shows a mercury instrument of the wall type, for maximum 

v 1 
y | 


ranges of 15 lb. per sq. in. Charts are 6 in. wide and 19 in 


Ong. 

Fig. 286 is self-explanatory, but the designation “float” is ‘wrong: the 
ictuating element is an inverted bell buoyed up by a float. 

All vertical edgewise scale instruments (Figs. 276-281) are built in 
standardized narrow units which may be assembled into multi-pointet 
gages—as many as twelve in one case. Usually two (sometimes three) 
quadrant scale units may be combined in one case. There are not, to the 
best of our knowledge, any horizontal edgewise scale instruments in this 
inverted-bell class. 

As to the inverted-bell recorders, the majority of makes in Europe and 
here feature strip-charts wound on vertical drums. There are also some 
round-chart instruments. There are no vertical strip-chart recorders in 
this category of instruments. 

Note how much larger the recorders have to be, in order to compensate 
for the unavoidable friction effects by the larger effective lift of the bell o 
float. In this connection it must be remembered that the area of the bell 
or float, multiplied by the differential specific gravity, determines the 
effective lift. The depth of the parts is a design factor depending on the 
range of the instrument and on the differential specific gravities of the bell 
material and of the liquid. 


T 
I 
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In other words, with water or oil the actuating force is only a 
fraction of that with mercury—areas being equal. This places a limit 
the smallness of instruments, but ingenious knife-edges and other frict 
minimizing devices make it possible to have small bells actuate poin 
dependably, since there is no pen friction. 


(b) Float U-gages 

Though belonging to a different class, as pressure-measuring instrume! 
some modified U-gages are built so similarly to the inverted-bell gages t 
they must be considered here. 

One was shown in Section 3: the similarity of Fig. 250 to Figs. 278-28] 
is apparent. As a matter of fact the U-gage units and the inverted 
units are interchangeably assembled in multi-pointer casings. 

Another float type modified U-gage is shown in Fig. 287. The similarit 
of construction to the inverted-bell instrument shown in Fig. 286 is lil 
wise striking. 

(c) Tilting or Balanced Manometers 

These instruments comprise a vessel suspended, about a knife edge 
other frictionless support, and containing a body of liquid with two surf 

just like a U-gage. When the pressures on both surfaces are equal, 
vessel hangs vertically and its pointer reads zero. Under the applicatior 
a differential, the body of liquid is displaced, shifting the center of gravit 
and causing the container to incline. An instrument of this type wl 
has won wide acceptance in America is the Cochrane tilting manometet 
It is used almost exclusively for flow metering. The “ring” manomete: 
a German instrument, deserves mention as also having been made practi 
These two and other balanced manometers are hardly ever used to measur 
absolute pressure or gage pressure, being specially adapted for differential 
They will be described under flow meters. 

oo 


CORRECTIONS—“‘Isotropic” should be “isentropic’’ in the definitior 
of Total Pressure, Chapter X, Section 2, page 733 of December issue. In the 
last column of Table VIII (page 736, December) the minus exponents should 
be plus, and the decimal shifted in the eleventh line, making the value 
1 gram/sq. cm. = 735.56 microns Hg 





Again we find it impracticable to run one 
full chapter of Mr. Béhar’s Handbook in one 
single issue. This most interesting chapter on 
Pressure Measuring Instruments will be con- 
cluded in the March issue. The titles of re- 
maining sections are listed on page 55. This 
Chapter will be followed by one on instru- 
ments for the automatic control of pressure, 
scheduled originally for March, now scheduled 
for April. See also announcement on page 12. 


—The Editor. 
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Balances, Scales and Weights’ 


Arthur Schroder* 


HE Assay Balance is essentially an analytical balance, coming between 

the regular analytical balance and the microanalytical balance in 
capacity and sensitivity. The beam is usually very short, 4 to 5 inches 
long and the pans only 1 to 114 inches in diameter. The pan stirrups are 
usually suspended from the end of a single wire attached to the stirrup 
support. There are in general two types of assay balance—the one is similar 
to the analytical balance, with the above exceptions, while in the inverted 
type, the indicator arm is above the balance beam, its weight counter 
balancing some of the weight of the pans and so reducing the inertia of the 
moving parts and making for greater sensitivity. The capacity is usually 
about 5 g. with a sensitivity of 1/400 to 1/100 mg. Some of the larger sizes 
with a capacity of about 25 g. and sensitivity of about 1/40 mg. are almost 
within the range of the analytical balance, although of the assay type of 
design. (See Fig. 16) 


The term Bullion Balance like the term Assay balance, has no particular 
meaning of itsown. The purpose is of course, the weighing of bullion and 
specie in one form or another but the capacity and sensitivity of the balance 
put out by different manufacturers vary quite widely. Generally speaking, 
the bullion balance has a greater capacity than the analytical balance and is 
characterized by its extremely heavy construction and exceptional sensi 
tivity, 1 grain under a full load of 3000 oz. Asa rule these eee are not 
enclosed in cases and do not have a graduated beam, but otherwise are quite 
similar to the analytical balance in design. (See also gold coin balances and 
silver and specie scales.) 


The Bates Sugar Balance (Becker) as designed by Dr. Frederick Bates of 
the U. S. Bureau of Standards is a 200 g. analytical balance, with ungradu- 
ated beam, sensitivity 0.1 mg. with the bows of the regular balance replaced 
by a single half-bow at the rear of each pan, to facilitate adding or with- 
drawing portions of the sample of sugar during analysis. 


Counting, Calculating and Estimating Scales and Balances—In establish 
ing production costs, transportation charges, scrap material recoveries, etc. 
industries in which large numbers of standardized articles are produced, 
have demanded an instrument whereby the gross weight of a number of 
articles can be rapidly determined from the weight of one—or the weight 
of a large volume of liquid from the weight of a sample, and conversely, 
knowing the weight of a large number of smaller articles, to establish the 
weight per article, or the number of articles per unit weight. To meet this 
demand a large number of counting and estimating scales and balances have 
been developed. Thus in the Seko estimator (Seederer-Kohlbusch, Inc.) 
Fig. 19, the weight of a gross, hundred or thousand can be read directly 
from the beam after the sample or single article has been counterpoised 





Continuation of Chapter I of Handbook of Laboratory Instruments and Apparatus 
Technical Director, Fisher Scientific Company 
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The weight of the sample can be read on the upper graduated scale, « 
graduation corresponding to 1/100 oz. while the weight per hundred, per — 
gross and per thousand in lbs. and oz. can be obtained on parallel grad 

scales on the same beam. The range is 1 Ib. sensitive to 1/1000 oz. [1 
Seko decimal weigher the weight or number of articles can be directly 
tained, but here the beams are calibrated in terms of the decimal syste: 

range being up to 1 Ib. in 1/10,000 Ib. or 500 g. in 50 mg. subdivisions. | 


counting, the Seko counter has 2 pans, any weight placed in one, counter 
t / 5 r 
or visa versa) in the other. T] 


balancing a weight 10 times as great 
counting a certain number of units into the smaller pan, and pouring 
articles into the larger pan until equilibrium is reached, the number in t 

large pan will be 10 times as great as the number in the smaller pan. Int —_ 


i] 





same manner counting on the basis of a dozen instead of ten is similar]: 
complished. The capacity is 4 lbs. sensitive to 1/1000 oz. 
The torsion estimating scale is the regular box type torsion scale wit 


the upper beam graduated to 16 oz. in 1 oz. subdivisions while the | e 
is graduated 0 to 160 oz. in 16 oz. per gross divisions. This same 
obtainable, calibrated on the basis of 100 instead of the gross. 
Similar counting and estimating scales are available in the torsion | 
for use in the textile industry. The woolen cloth and duck scale indicat | 
= 


the weight of a square or running yard of cloth of any width when a s 


is counterpoised. The cotton cloth scale gives the number of yat 
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number; while 

other scales give 
| 

similar informa 


tion for silk, braid, 





Wear, Praln, seed, 





paint, etc. 

Centrifuge Tube Balances are small simple equal arm balances with metal 
cupshaped pans for holding the centrifuge tubes while they are being 
brought to the same weight before insertion into the centrifuge. Ordinarily 
the tubes, tubes holders and contents are of somewhat different weights, 
which while not very large are nevertheless still great enough to throw the 


centrifuge out of balance. In use the tube holder and the tube plus con 


tents are placed in the “pan” and water or other liquid added to the light 
weight tube until the weights are equal. The balances are obtainable in 
sizes, to take the 15 and 50 cc. tubes used in clinical diagnosis, and general 


1 
5 


analysis. 



































Fig 19 Seko Estimator 
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Diamond Balances—There is no diamond balance as such. Thesoc 


but derive their name from the fact that they are used for the weighin 
diamonds and have the beam calibrated in terms of the metric carat (20% 














Fig. 21. Centrifuge Tube Balance (Fisher 
Scientific Co.) 


analytical balance with its column calibrated in terms of 1 carat in 
divisions and a capacity equal to 750 carats 


terms of 4/100 pearl grains. 


of a greater capacity and somewhat lesser sensitivity 
The Geological Torsion Balance has of late come to the front as a fi 
laboratory instrument. The E6tvés Balance measures the very mi 


} 
deposits taking the place of heavier beds. In case of exploration fot 


it is unable to do, but to locate oil structures favoring accumulation of 
in commercial quantities. In principle, it can be used with equal su 

for any type of oil structure, that is, salt domes, faults, anticlines, 

intrusions. The greatest successes, however, have been obtained s 

in the search for oil structures of salt dome type. 

The instrument is limited by the necessity of presence of density 


strata. These differences do not need to be large, the instrument 
sensitive to a degree not believable to the layman. This sensitiveness, 
fortunately, represents an added limitation, that is, the desirability 


ment. This effect can and is being calculated at every station occup! 
but this compensation system has its limitations. 

The instrument itself is a modification of the Cavendish Torsion Ba 
The Cavendish instrument consists of a fine wire on which a hor! 
beam is suspended, which beam carries 2 weights, masses, on its 2 end 
torsion balance of this form will give information only about the de 
of the actual form of the earth’s sphere, at a point, from an ideal fot 
called level surface, which theoretical information does not always ! 


diamond balances are in reality analytical balances of one sort or anot! 








Thus we have the Chainomatic Diamond balance which is the Chainomat 


The Pearl Balance is similar to the above but has its scale calibrated 11 


Dispensing Balances are similar to prescription balances and scales, | 


changes of gravity which may be positive, that is, increases, caused by tl 
presence of heavier deposits, or negative deficiencies caused by lighte: 


the instrument is used indirectly, that is, not to locate oil deposits, whi 


ference between the beds, or structure looked for, and that of the overlay 


flat, or nearly flat surface, all hills and valleys having an effect on the inst! 
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practical, useful meaning. E6tvés modified this instrument in such a way 

t the 2 masses are not placed in the same horizontal level. 

The actual use of an original E6tvés Torsion Balance may be described 
riefly as follows: The instrument is set up at certain intervals, which is 
nywhere from 200 feet to 2 miles, according to the purpose and opinion of 

the users. A small portable insulated house is provided to protect the in- 
strument from temperature, wind, etc. The instrument is placed in its first 
position usually magnetic North, suspended systems released, and the 
instrument left alone. After 50 minutes, which is the time necessary for 
the beams to come to rest plus a safety period, the observer enters the 
house, flashes light on the scale, notes the positions, temperatures, turns the 
instrument 120°. The same procedure is followed once more, which com 
pletes 1 set of readings. It is usual, however, to read in 2 more positions, 
it least, that is, 5 readings all told. 

err mmm. Fig. 23. Gold Coil Balanc: 


(Henry Troemner) 


The Gold Coin 

Balances are merely 

adaptations of other 

balances and scales 

to a particular pur 

pose. The Troemner 

gold coin balance, 

Fig. 23, again of the 

analytical balance 

type has flat “offset” 

scale pans on which 

the coin is placed 

and counter bal 

anced against a 

“least current” or 

“standard coin weight.” This has a novel labor saving device in that the 

pans have inserted steel plates for carrying the coins and weights to pre 

vent their undue wear. These plates have slots into which pan arrests are 

moved to prevent oscillation of the pans during loading. A trapdoor behind 

the coin pan covers a chute through which the coins can be pushed from the 

pan directly into a receptacle at the back of the balance. Some of the gold 

balances have the beams calibrated in grains for indicating how much a given 
coin is lighter than the standard. 

Hand Balance—The oldest type of weighing balance known. The 2 
pans are merely hung from a metal beam with metal knife edges and planes, 
the pans usually are of horn or celluloid. Due to the very light weight 
material used in the construction, these balances are remarkably sensitive. 
Several sizes and capacities are available, the 150 and 300 g. capacities 
nding much popularity as a means of introducing students in the high 
schools to rudiments of the science of weighing. In its more elaborate forms 
it is known as the portable prescription scale of the itinerant doctor and 
when enclosed in a case as the pocket balance. While quite sensitive this 
type of balance is very seldom used in industry, because of its inconvenience. 

Hydrostatic Balances derive their name from the fact that they can be 


used with a reservoir of water placed between the stirrups for specific 
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gravity determinations and similar tests where the material to be weis 
mmersed in a liquid and supported from one of the balance arms. 


1S 


1 
1 
il 


ince is characterized by the very wide stirrups, pans attached permaner 


to the stirrups 
dispensing 
ind balances, 
the extra hook 
the lower sid 
the stirrup sup} 
for the attachit 
the wire or st! 
for supporting 
material to 
weighed in ¢ 
liquid. Many 
this type of bal 
have an auxi 
platform whicl 
be swung overt 
one pan and 
tween the stir 
for supporting tl 
liquid container. The term “hydrostatic’’ as applied to balances is fall 
into disuse because many balances now called hydrostatic, while they look 
somewhat like a hydro-static in general appearance lack some of the essenti 
features. Today the term is applied to almost any balance with 
stirrups, attached pans, ungraduated beam and a fair sensitivity. The 
of this type of balance is 100 to 1000 g. with a sensitivity of about | 
Abroad the term hydrostatic is often applied to scales with wide pans 
manently attached and usually classed here as the druggist counter 
pensing scale. Capacities of such scales are larger than those of the 
truly hydrostatic balance. Cases while obtainable for practically all 
of this balance are not the rule. While this type enjoyed much po} 
ity in years gone by, it is rapidly being replaced by more accurate 


more sensitive dispensing, the specific gravity and the analytical balan 
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The Harvard Trip Balance while called a balance is a sca k 
pacity, sensitive to 1/10 gm., with steel knife edges riding in agate V 
aped bearing plates. Pans are flat with glass or porcelain tops. The 
eam is calibrated to 10 g. in 1/10 g. divisions. The characteristic 
tures of this scale are the extra hooks within the base and attached to the 

n supports. From these objects can be suspended into water for specific 
sravity determinations, when the scale is supported above the table top 

, rod and C-clamp. (Fig. 25) This makes a handy tool for the general 
science, elementary chemistry and physics school laboratories where rugged 
nstruction and moderate accuracy are paramount. 

The Jewelers Balance is similar to the hydrostatic balance but usually has 

somewhat greater capacity (up to 50 or 100 oz.) 

The Jolly Balance—One of the oldest, simplest yet frequently use 
balances of moderate accuracy is the Jolly balance. In its more improvec 
form, it has an elevating, telescoping arm to which is attached the one en 
ff the extension spring which has its other end kept within closely de 
limits by a calibrated glass tube through which the weighted end of 
spring moves. The extension or pull on the spring is determined by 
motion of the upper end and is indicated on the graduated telescoping arm 
with its vernier. The balance is normally supplied 
extending 500 mm., the total length of the arm for an added load of 10 g. 
giving a sensitivity of about 2mg. The balances are used for the determina 


] 
i 
1 
' 
| 
| 
] 
} 


tion of specific gravity, surface tension, torsional stress, period of vibration 
under varying load, etc. 

Magnetic Susceptibility Balance—As the temperature of a ferromagnet 
material is increased from room temperature, the magnetic susceptibility 
changes until a point is reached at which the material is practically without 
iny magnetic susceptibility. This point is called the magnetic critical 
temperature. For iron it is about 790°C., for cobalt 1150° and nickel 
ibout 360°C. In studying this property of monel metal, E. T. Post de 
veloped a modification of the chainomatic balance (see above) and auxilliary 
ipparatus, which offers promise of much utility for the study of magnetic 
susceptibility. He uses a chainomatic balance, slightly modified, and sus 
pends from one pan, by means of a thin wire, the specimen to be investigated. 
This hangs in the magnetic field of an electromagnet, the attraction of which 
is measured by increasing the load on the other pan of the balance by lower 
ngthe chain. The specimen was heated by an electric furnace surrounding 
the specimen. For details of construction, the original description* 
should be consulted. 

Multiple Beam Balances are similar to the regular specific gravity balances 
in form, and have a long calibrated arm and a shorter pan-supporting arm 
The longer arm may carry two, three or more calibrated beams, (the double 
beam, triple beam balance, etc) in either the same horizontal or vertical 
plane. The weights used on the beams bear a decimal relationship to one 
inother. These balances are usually supplied with auxiliary adjustable 
shelves for supporting the liquid containers for the specific gravity deter 
minations. 

Percentage Weight or Cement Scale.—This scale is similar to the ordinary 
scale but carries a beam calibrated in both fractions of a lb. and in per 
centages of alb. Its particular use is the weighing of batches of cement 
before and after drying, for the moisture content test. With the scoop on 
the left side the weighing is as usual, the weight indicated on the beam. 


instruments, Vol. 3, Nov. 1930, page 681 
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Using a 1 lb. sample, in the scoop on the left side, and then subjecting t 
sample to some chemical reaction, the percentage increase can be obtai1 
from the beam reading. In the moisture determination the sample of 1 

is first weighed as usual, and then after being dried, is placed in the sco 


on the right side and the percentage loss in weight obtained by balancing 


and reading the beam. A counterpoise is of course necessary for the weig 

of the scoop. The capacity of the scale is 4 lbs. with the extra weight 
Where 2 or 3 Ibs. or proportionally larger samples are employed, the readi 

on the percentage scale are respectively 14, 14 etc. of the indicated per 
centage. 





























Fig. 26 Jolly Balance 
(Central Scientific Co 


Percent or Cement Scale (Fisher Scientific Co.) 


Percentage Composition of Solder Scales, see Solder Test Scales. 

Paper Basis Weight Scale (Thwing)—In the control of paper the weight 
the pulp in the sheets and the amount of moisture contained are the | 
of sale. The Thwing Instrument Co. has produced a highly refined | 
weight scale (Fig.29) whereby the weight of a ream of paper can be obtained 
from the weight of a single sheet. The scale is direct reading and come 
a number of ranges; the standard ranges are 0-25 and 0-50 lbs.; the multiple 
range scales are equipped with standard dials and calibrated for full limit 
of dial range for either the 480 or 500 sheet ream, and up to 100 or 200 |bs 
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Additional special dials and calibrations can also be obtained. In use the 

ile is mounted on a wall, preferably suitably protected from interferring 
jrafts, and leveled. When dial starts at zero, scale should come to 
equilibrium at zero, while for the limited range dials equilibrium will be 
established by adding a known weight to the left end of the beam and the 
scale will indicate the corresponding value. Thus with a dial starting at 20 
ind a 20 weight on the left side of the beam, the scale will read 20. At 
least one calibration weight is supplied with each scale. When the scale is 
designed for both 480 and 500 sheets per ream, the change from the 480 

sis to the 500 basis is made by adding a small additional weight to the 






Basis Weight Scale (Thwing 
ument Co.) 














beam. For the multiple range instruments additional weights are used for 
converting to the desired range. Test weights and additional weights are 
then so indicated, and 2 or more sets are necessary. The scales all have 
cast bronze truss beams, sapphire bearings and steel pivots and 20” pointers. 
They are dead beat for quickly coming to rest during use. An adjustable 
index pointer on the edge of the dial facilitates rapid checking of the scale 
at all times. In addition to its use in weight determination the scale can be 
used for moisture determinations. Special scales and dials are available for 
special uses, such as sheets per bundle, pounds per bundle, ounces per square 
foot, etc. A modified form of the scale is the differential scale in which 
another paper holding frame is attached to the left side of the beam and the 
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difference in the 2 loads is indicated on the beam. This type is used 
checking the difference in weight due to sizing, wax and similar coating 
referred to the untreated paper. 

Differential Scales (Thwing Instrument Co.)—These scales are similar 
the Thwing basis weight scales, but have 2 sample holders, one attache 
each arm of the beam. They are used to indicate the difference in we 
between a coated and an uncoated sheet of paper, and are particul 
useful in studying the weights of sizings, gums, and other coatings and tr 
ments as affecting the paper. The scales come in 2 sizes, range 0 to 25 | 
graduated in 1/10 lb. divisions, and 0 to 50 lbs., in 2/10 divisions. 

The Paper Scale of the Torsion Balance Co. (Fig. 30) indicates dire 
the weight per ream of 480 or 500 sheets when one sheet is placed i 
wire holder. The scales comes in sizes 0 to 20, 0 to 50 and 0 to 250 per ri 
with corresponding sensitivities. 

Prescription or Drug Scales and Balances while the term prescript 
balances (or scales) has been restricted in the past to mean those balar 
used in drug stores and pharmaceutical laboratories, and were usu 
calibrated in terms of the apothecaries units of weight, the gradual int: ‘ 
duction of the metric system of weights and the gradual extension of the 
of this type of weighing device to other industries has left the term wit! 
little real significance. What is a prescription scale in one manufactur 
catalogue may bea hydrostatic balance or a portable assay balance in another 
In general the term seems best applied to such balances as are graduated 
terms of apothecaries units and of limited capacity—about 4 drachms, w! 
the term prescription scales might well be limited to those scales graduate 
up to about 1 Ib. (apothecaries). One outstanding feature is the encl 
of the dispensing scale in a box or case to protect the parts from dust 
drafts. Other scales also have this feature, while the prescription scak 
characterized by always having the lever system entirely enclosed in 
of glass or wood, with the pans left exposed. In the newer types, 
Seldom if ever, is the beam of t! 


i. ® 





additional cover is fitted over the pans. 
dispensing balance graduated as in the analytical balance. 

In some states these balances and scales are clearly defined as to type 
sensitivity and their usages prescribed by law. This should be born 
mind when purchasing them. The Bureaus of Weight and Measures or t! 
Bureaus of Standards of the various states, will gladly supply informat 
on this subject to anyone interested. 

The capacity of a prescription balance is usually 4 drachms with a sei 
bility reciprocal of from 1/100 to 5/10 g. The capacity of the prescript 
scale is usually 16 oz. with a sensibility reciprocal of from 1 to 5 gi 
Balances graduated in terms of the metric equivalent are also avail 
Practically each size can be duplicated in the torsion style. 

Pulp Balances—These balances are similar to the hydrostatic bal 
but differ from them in that they usually have removable pans and are not nf 
a rule equipped with the extra hook on the stirrup support. These cor W 
in a number of sizes from 100 to 1000 g. with a sensitivity of from about mn 

: 4 bile 
to 5 mgs. The larger sizes are frequently referred to as bulk balances and mee 
have steel rather than agate knife edges. The main use is the weighingot Me 
large samples of pulp for the moisture determination and general 
sample weighing where an accuracy of about one part in 10 to 100 thousane use 
While not generally supplied with cases they ar | 


parts is required. 
They are sometimes called Mohr’s balances. Pa 


tainable with cases. 
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Quadrant Scales | Amthor Testing Instrument Co.)—The quadrant type 

le (Fig. 33) is of the simple lever type, with the indicator arm moving 
oss a graduated scale, the shape of wh‘ch is a quadrant of a circle. This 
type of scale is direct reading, frequer.tly with a number of auxilliary 
-alibrations. When the specimen is placed on the pan or in the scoop, the 
veight is instantly indicated on the indicator scale. There are no dials or 
echanical devices which might affect the weighings, so the scale is remark 
ly free from error from such sources. The scales are calibrated in a wide 
riety of units such as paper basic weight, ream weight, gross weight, area 
weight of paper, yardage of twine, etc. Special calibrations are also avail 


> to order. 























The Full Sheet Paper Quadrant Scale is used almost exclusively for testing 
paper products for weight. The scale is subdivided into 3 separ: ite rows 
of a iduations corresponding to 480, 500 and 1000 sheet reams of paper. 
When one full sheet is placed in the scoop, the weight of the entire ream of 
the desired number of sheets is directly indicated on the quadrant. This 

ile can also be used for weighing board. When one square foot of board 

| gene in the cli op the indicator shows the weight per 1000 square feet. 
"The Reduction Sheet Paper Scale is similar to the full sheet scale but can be 
used when only small samples of paper are available for test. With the 
scales are furnished dies or cutting plates used for cutting the given sample 
into pieces of known area equal to 1/100th that of a full sheet. The cali 
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bration is such that the full weight of a ream of 480 or 500 sheets is 
indicated on the quadrant 

The Robervahl Balance is similar to the Harvard Trip scale but h 
longer curved beam and dished pans. It does not have the hooks 11 
base nor the support rod. This type is supplied in capacities up to 1 


i 
with and without calibrated beam. (Fig. 34.) 
Tissue and Waxed Paper Scale is similar to the above quadrant scales, 








is calibrated for the basis weight of tissue and waxed papers. Ith 
auxiliary weight to be used for increasing the range to twice its 

1 ] 
range. It is extremely accurate, reading to | lb. 


Board Scales are similar to the above, but have the quadrants calibr 


for the direct weight of a sample and also the number of such sheets 
e with either or both calibrat 


50 lb. bundle. This scale is obtainabl 
as desired. 

The Cordage or Twine Scale also indicates the yardage or the numb 
feet of cord or twine per Ib. based on a one foot length of sample. 

All the above quadrant scales are obtainable in pocket sizes. 

















b 


sitivity 10 mg. with ungr: duated beam and with the right hand pat 
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,; ; 
designed for the testing of 


S 


minum, tin or composition foils for the covering area or yield, cutting 


tes or dies are furnished for cutting the sample to a définite area. When 
» sample is placed on the hook, the yield of the foil, in square inches pet 
s indicated directly on the quadrant. 
One balance of the larger size which deserves particular mention is the 
tlers Precision Balance* (W. & L. E. Gurley) which is sensitive to one , 
$00,000 or 60 mg. with a 25 kg. load. All bearing pl ite re agate witl 
lened steel knife edges. Special provision has been made for adjusting 
i 


ife edges so that they are parallel and in the same plane. By means of tl 
usting weights on the beam the center of gravity can ! 


Scales, also of the quadrant type are 





the 
. be raised or lowered 

Iter sensitivity as desired. Horizontal counterpoises flor« 
ljustments in the zero point setting. The 
> of the beam across a scale with a mirror background This balan 
iipped with beam arrest and pan arrest similar to thos 
lytical balance. (Fig. 35). 


The Silk Skein Balance is an analytical balance of 500 g. capacity 


indi itor moves 1n 





placed by a trough-like pan. It is used for weighing silk and similar materi 
during the moisture determination. 

The Silt er Scales are merely a he: ivy Cc ip icity pal type ile with i range 
up to 100 oz. with a sensitivity of about 0.01 oz. The smaller es with 
capacity of about 12 oz. are frequently referred to as Jewelers Scales. The 

ge sizes Capacity 400 to 1600 oz. are used for weighir g coins in bags, wher 
ne bag is balanced against another, merely as a preliminary check whet 


ere Gravity Balance—The specific gravity of a liquid can be re 
etermined on the W estphal Balance. This labor saving tool has und 


im calibeate d directly in terms of specific gravity and counterpoised with 
short arm which carries the bob or plummet. In use the plummet 


+ = 








L 


1s are shipped from one laboratory or bank to another 











36. Westphal Specific Gravity Balar i 7 


Gervone 


y changes in detail, but it still retains its original form with a long | bean 
] 


aWs Vering the use of Sealer’s Weights and Measur U.S.B S H 
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balanced in air by means of the movable weight immediately above it 
by means of the leveling screws in the balance base. The plummet is tl 
immersed in the liquid, the specific gravity of which is to be determined, 
equilibrium again established this time by moving the weights on the c 
brated beam. Gravities can be read directly to the 3rd and in some c 
to the 4th decimal place. Some of the balances are equipped with thern 


plummets, or plummets within which is a thermometer for indicating t! 


liquid temperature, and also with extra unit weights for increasing the rar 
up toa specific gravity of 4 instead of the usual gravity of 2. It should 
noted that as the operations of these balances depend on the buoyant eff 
of the liquid on the bob, they must be calibrated for the weight and 
placement volume of the bob. Bobs to be interchangeable must the: 
fore all be of the same volume displacement and of the same weig 
Those supplied by one manufacturer do not necessarily give correct re 
ings when used with balances made by another manufacturer. 

The specific gravities of liquids can also be determined by means of t 
modified chainomatic balance. In construction this balance is similar to t 


inalytical chainomatic, but has the standard pan replaced by a plum: 


5 


Fig. 38). The plummet displaces exactly 2 g. of distilled water at 20% 
g 


r 

(a SPECIFIC GRAVITY CHAINOMATIC BALANCE Ne. 110, 

7 SHOWING BEAM WITH BEAM WEIGHT AND METHOD OF 

ATTACHMENT AND LINE OF MOVEMENT OF CHAIN AND 
VERNIER BLOCK 















a- BEAM 

b— BEAM WEIGHT 

e— POST 

a’ — CARRIER 

@— CHAIN EYELET 

Jf — CHAIN HOOK 

J— ROLLED GOLD CHAIN 
A— VERNIER BLOCK 

2 — GRADUATED COLUMN 






Fig. 38. Modifi 
matic Specific 
ance (Christian Becke 





FIGURES 1 AND 2 SHOW RELATIVE POSITION 
OF BEAM WEIGHT AND VERNIER BLOCK FOR 1.1605 
SPECIFIC GRAVITY READING 


(or 15°C. if so specified) so only small quantities of liquid need be avail 
for atest. Broken plummets can be replaced. Balance is direct readir 
specific gravity to 4th decimal place, for all gravities up to 2.0000 in the 
model and up to 4.0000 in the other. 

A modified torsion balance (Fig. 39) is particularly well suited 
determining the specific gravity of liquids, particularly the more vis: 
like varnish, condensed milk, tomato pulp and glue. The bottle h 
exactly 100 ml. at 15°C. (or 20°C. if specified) and has a capillary hole | 











— INSTRUMENTS Page 1 


——————— Ss 


exactly est iblishing the 
1 } 

\ ume A de pression If 

the stopper all 


pansion of liqui 
ny temperature increase 
In use the filled bi ttle is 
placed In the ho Ider ind 
equilibrium of the balance 
established by moving the 
slide weights. The "i S 
are calibrated to read 
directly intermsof specif 
Yravity and cover a range 
of 0.7000 to 1.4000. 

Gravitometer, specific gravity balance (Eimer & Amend) (Fig. 37). This 

tr 


~I 





} 


omewhat similar to the other specific gravity balances but differs in 
: wel to determine the specific gravity of a solid immersed in water and no 
idditional weights are required. The sample is weighed in air (in the upper 
hook) and the beam permitted to come to rest while the buzzer is operated 


to vibrate the balance and overcome friction. The graduated scale irm 
is then rotated until it is on center line with the beam. This establishes 
the angle of inclination of the reading scale. The sample is then trans 
ferred to the lower hook and weighed in water. The beam is permitted to 


come to rest and the intersection of the vertical wire (mounted on the ver 


tical rod and moving in the slot in the base) is read through the re 
nirror. This balance is recommended for control tests in rubber laboratories 
ind similar work where gravities up to about 4.4 and moderate accuracy 
ire involved. 

For determining the specific gravity of a gas the Edwards Gas Density 
Balance (Refinery Suppl y Co.) serves admirably. The operation of the 
valance is based upon the laws of compressibility and ‘ties incy of gases. 
It is described in the U. S. Bureau of Standards, Technologic Paper 89, 
is follows: 





.ding 
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The Ac-Me specific gravity b al ince consists of a balance beam carry 
1 sealed float on one end and an adjustable counter-balancing weight on 
other end. This balance beam is suspended by means of two cros 
post shor bronze strips on each side. The crossed suspension permits t 
» n to have free movement about the point of oscillation but prevents t 
later aa motion of the beam. The end of the balance beam is equipped wi 
. millimeter scale which is used in connection with a hair-line indicator 
show when the beam is in balance. The container of the balance is pr 
vided with an ample number of valve connections to take care of the vari 
hook-ups necessary in making a balance test. The connections on each « 
are provided with purging i which aid the thorough purging of 
instrument and prevent the deposit of any moisture on the internal mec! 
ism of the balance. 
The specific gravity of a gas referred to air as unity may be represent 
is the ratio of the absolute pressure required for balancing the beam 11 
la 


to the absolute pressure required for balancing the beam in the gas, 


pressed as a formula 


A 


Op. Gr. 
G 









; 
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where A the manometer pressure plus (algebraically) the barometric 
ressure, while the beam ts balancing in air. G t 


t 
slus (algebraically) the barometric pressure, while the beam is balancing in 


le manometer pressure 


Specie Scales are similar to the Silver Scales but have an additional cali 
rated beam from which the shortage in dollars, of a | 
lirectly from the beam. 

Solder Test Scales. For the determination of the percentage composition 


tT tin le id alloys a special scale has been develope 1. To m ike it CESCt 10 1S 

nly necessary to fill a Cast mold with the alloy ind when cor I. to place on 

scale pan and balance with the sliding weight on the beam. Results are 
( 


lirect in percentage of tin with an accuracy of about 0.3% 

The Metric Solution Scale (Troemner) is a compound lever type scale 
Fig. 43) with the long arm carrying 2 gr iduated ‘a ims anda rod. One 
beam is graduated to 1 kg. in 100 g. divisions, the other 100 g. in 1 g. 
divisions, while the rod carries a sliding weight for taring any containers 
placed on the scale’s platform. The capacity, including the additional 
weight is 20 kg. sensitivity 1 g. When furnished with a large metal box ot 
-age on the scale platform this is known as the Animal Scale, while whet 
equipped with a basket or scoop it is referred to as the Baby Scale. When 


the rod is replaced by a plate, perforated by a series of holes into which 
counterpoise iron balls can be put, the scale is known as the Ball Solution 
Scale. The balls serve the same purpose as the additional weights supplied 
on the standard type. Six holes are standard. A ball in the hole nearest 
the platform counterpoises a 1 kg. load on the platform. A ball in the next 
hole counterpoises 2 kg., etc. This type is also obtainable in several other 
capacities ai idc alibrated in avoirdupois as well as in metric units. 

The du Nouy Tensiometer | Cauneal Scientific Co.) is a direct reading 

surface tension balance of the torsion type. A platinum dip ring (Fig. 42 


f 


supported at the end of a long lever arm which is clamped to the mid 
int of a stretched torsion wire one end of which is fastened to the balance 
ime. The other end is attached to a rotating indicator which moves 
icross a Calibrated scale graduated in dynes per centimeter. In use, the 
ndicator is rotated through a worm wheel drive until the ring is pulled 
way from the liquid and the torsional force jus t overcomes the surface 
tension. The range is 100 dynes with vernier reading to0.1 dyne. Read 
ings can be made in about 14 minute. The Sees nce is also furnished with 
he dial calibrated in angular degrees. This balance while admirably suited 
tor the measurement of surface tensions of ordinary solutions, is not recom 


mended, although it can be used, for syrupy liquids, due to the change in 


cross section of the elevated film. For precautions to be observed under 
these conditions the original literature should be consulted.* 

In the Chainomatic Surface Tension Balance (Becker) the left pan of the 
notched beam chainomatic analytical balance is replaced na a platinum ring 
which is dipped into the liquid, the surface tension of which is to be deter 
mined. The liquid is placed in a container on the elevating platform im 
mediately below the ring and the container lowered until the ring is “ the 
surface of the liquid. The force required to pull the ring from the iquid 
is then measured directly (in g. to the fourth decimal place) by using the 
alance in the usual way. The chainomatic feature permits of a very gradu 


) 


tr 
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al increase in the pull and so records the tension at the moment of break. 

Triple Beam Balances see Multiple Beam Balances. 

Technical Precision Balances are the grown up brothers of the analyti 
balance. They range in capacity from the heavy capacity analytical balar 
of 500 g. load, to the bullion and specie balances of 200 to 10,000 oz. capacit 
These balances are remarkably rugged in construction and of exceptior 
sensitivity. One 2 kg. balance (Becker) has a sensitivity of 1/5 mg. wh 
the 10,000 oz. balance (Troemner) is sensitive to 4.8 grains. The smaller or 
are recommended for the calibration of volumetric flasks and the weighii 
of large bulk samples, while the larger ones are used for the weighing of g 
and silver bar, specie, plated ware, etc. where large capacity of balance 
bulky samples are involved. 

Unit Weight Over-and Under Balances and Scales. These balances 
frequently referred to as “automatic even balance scales” and are examplif 
by the Dayton scale. In principle they are similar to the Harvard Tri 
balances in construction but differ from it in what they have the indicat 
arm quite long, and usually enclosed in a case. The end of the arm mov 
across a scale divided into small units and is graduated on both sides of 
central zero point. In use the load to be weighed is put on the scale | 
as usual and counterpoised with the necessary weights The indicat 
arm then moves across its scale and indicates the quantity over or under the 
unit weight as established by the weights added to the pan. This ty; 
comes in many different capacities, avoirdupois and metric, with an aver 
accuracy of about one part in tu 
hundred. Special models wit! 
greater accuracy with computi 
counting and value charts built int 
the indicator scale are available t 
order. These balances and sc 
are particularly useful in cont 
laboratories for the routine weigh 
of samples with moderate accut 
where the amount of the ovet 
under weight is well within 
tolerance of the test. Recor 


+} 


mended uses are the checking 
standard packages, bottles and « 
of bulk products, seeds, oils, s 








Fig. 44. Unit Weignt Balance (Dayton Scale Co etc. 


The Wood Moisture Balance, a simple device for reading directly t! 
trend of moisture content of wood in the woodworking shop, dry she 
or storage shed, is a recent contribution of the U. S. Forest Products 
Laboratory to wood seasoning technique. The value of the device 
based on the well-known fact that there is a definite moisture content | 
wood—the equilibrium moisture content—corresponding to any g! 
combination of relative humidity and temperature—the equilibrium n 
ture content of wood in a room at 70°F. and 30% relative hum 


is, for instance, a trifle over 6%. 








Rhein deat INSTRUMENTS 


For measuring the moisture 
content which the wood near by 
is attempting to reach—a good 
gage of the severity of drying 
conditions—reading of the balance 
is much more simple and direct 
than cutting and determining 
moisture content on wood samples 
or computing atmospheric humid 
ity and corresponding wood mois 
ture from wet-bulb and dry-bulb 
thermometer readings. 














The wood moisture balance 
consists essentially of any kind of 
simple balance on one side of which 
is suspended a strip of wood cut.to 
a calculated weight of exactly 100 
grams, ounces, or other convenient 
unit when oven dry. If the wood 
is thin—say 18” in thickness 
and its oven-dry weight is offset 
by a corresponding weight on the 
opposite side of the beam, the 
moisture which it picks up to 
come to equilibrium with the 
sture Balance (Forest Product surrounding air can be determined 

directly in % of oven-dry weight 
of the wood by balancing the wood with weights added to the 100 units 
already on the opposite side of the beam. In the case of a spring balance, 
subtracting the oven dry weight of the wood from the reading would 


give the moisture %. 











Equipped with a very thin strip of wood the wood moisture balance 
acts quickly enough to be said to show equilibrium moisture content prac 
tically at the moment of reading. Provided with a thicker piece which 
changes more slowly, any given reading averages the effect on the wood of 
atmospheric conditions for some time (length of time increasing with thick 
ness of the wood) previous to the reading. When special sensitiveness 1s 
desired it is best to use sapwood of a species which responds quickly to 
moisture changes. 


Illinois Testing Laboratories, Inc., 141 W. Austin Avenue, Chicago, Illinois has appointed 
Porter Hurd, 516 Packard Building. Philadelphia, Pennsylvania, as its representative in 
Eastern Pennsylvania, Southern New Jersey, Delaware and Maryland for its line of portable 
nd stationary indicating pyrometers, resistance thermometers and other measuring instru 
ments for industrial purposes. 
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A New Method of Pivoting 


on Instruments 
A. J. Lush* 


T seems hardly possible to make and substantiate any really worth wh 

claims of superiority for one type of meter pivot over another, and \ 
too great an emphasis can not be placed on this most vital point in met 
movement design and construction. 

Constancy of calibration is one of the most necessary, if not the fir 
requisite of a good meter. There are various things governing this, such 
permanency of magnetic flux, quality and temper of springs used, treed 
from outside-of-meter disturbances, good joints in the electrical circuit 
variable temperatures changing both the electrical resistance of the circuit 
and also the actual linear dimensions of the pivot settings on the movement 
itself (see reference below), but perhaps something which has not b 
previously emphasized as much as it might on account of difficulties 
construction is the actual position taken up by the pivots upon which tl 
movement turns. 

It is not the purpose of this article to apply this reasoning to meters 
the vertical type as these are usually hung in a fixed definite position whe: 
calibrated and used in a similar position only, but when meters are inter 
for portable use or for horizontal use, such as in test sets, the meter can 1 
be guaranteed to be placed in exactly the same relative position or level 
when originally calibrated. It is here that is position of pivots within the 
jeweled bearings is of vital importance. Any other position taken up 
the movement than that in which it was calibrated will very obviou 
affect the constancy of calibration. 
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Four entirely different methods of pivot mounting are shown in 
J | g 
illustrations. Figs. 1, 2 and 3 show the old conventional methods of mount 


ing which have done valiant service in past years. Figs. 1 and 2 can 


relied upon where there is a strong control necessitating a strong sp! 
which in turn tends to hold the movement in a definite position, but t! 
is not the case where high sensitivity is desired, say below 1 milliamp. 


scale. Reference to Fig. 1 will show the lower pivot, which supports t 


*Rawson Electrical Instrument ¢ 














ruary, 1931 INSTRUMENTS Page 


_ 


ight of the movement to be resting on its extreme tip and in contact with 

e apex of the jewel bearing which is of course as it should be, but observe 
the unstable position of the top pivot which merely acts as a guide. On 

count of the impossibility of tightening the top jewel down to bring pivot 
to apex of bearing, this pivot is liable to wobble around anywhere within 
e area of loose fitting of pivot to jewel. This can not be avoided as should 
the jewel be tightened down, very undesirable friction would immediately 
ppear. Furthermore a feature which is sometimes lost sight of is the lineat 
expansion and contraction of the whole moving coil which, of course, in 
cludes the dimensions between pivots due to changes in temperature. This 
tter condition has been the cause of trouble in the past evidenced by the 
movement sticking over scale sialon when meters have been used at vary 
ing temperatures. To avoid this entails loosening the fit of pivots to jewels 
still more with its larger area of uncontrolled movement of the guide pivot. 
One more feature must be considered that of total frictional moment which 
may be considered in simple form as = 2/3 uWr where u is the coefticient of 
friction for the materials used, W the weight and r the radius of surface 
contact. While the lower pivot carries the greater portion of the weight, 1 
is at the lowest value possible as the movement is resting on the extreme 
point of pivot the only measurable surface being due to the crushing effect 
of the movement weight (a good hard pivot and high quality well polished 
ewel will reduce this to a minimum). The upper pivot however, while 
only carrying a small portion of the weight, has an enormously larger r, roll 
ing around within its loose area of contact. Hence in order to overcome 


fri tional trouble, a much stronger control is nece aeany. Chis is usually 
ittained at the expense of clearances within the g ip in which the movement 
turns, the with detrimental fe iture of Causing stic king of movement on sides 


1 1 1 


of gap or on minute particles of dust, but if given the larger clearances 
movement would easily ride over without touching 


All of the above remarks apply equally well to the movement shown in 
| pply 
Fig. 2 with the exception that in ae case the top pivot carries most of the 
weight and the bottom pivot wobbles around. 


Fig. 3 shows the single pivot movement which eliminate 
htting second pivot feature and claims the very acceptable a 
idaptability to clamping for transit which by lifting the weight of the 
movement relieves the pressure between pivot and jewel while the meter is 
in transit. All clamping has for its object the protection of pivots from 
damage while being shipped from one place to another. So-called electrica 
clamping which is a device for short circuiting the moving coil causing 
——. damping, will not take care of this as it only protects the pointe: 

rom bending due to excessive slamming by jarring in ‘ship ment, the weight 
f the movement still being carried by the pivots. 


Some time ago the author was confronted with the problem of develop 
ing a high sensitivity electrostatic voltmeter. Anyone familiar with this 
type of meter will recognize that every one of the above remarks play a very 


important part therein. In line with this he daaiead i means of eliminating 


the detrimental features while still retaining the valuable oe ping feature. 
A single pivot movement was out of the question on account of the pc sible 
sideways or oscillating motion which is not a serious objection on it type 
{ movement as the pivot being in the center of a spherical magnetic field, 

| parts of the deflection coil remain at equal radii distances in the field at all 


time 


nes. The principle of balancing the whole of the movement weight on 
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one central pivot was retained with another pivot added to act as a gi 
which, however, would at all times be in intimate contact at its extri 
point with the apex of the jewel bearing, this latter feature being attai: 
by supporting the jewel on a very resiliant but weak spring incapab! 
supporting the weight of movement. On account of special construct 
this spring could not move in a lateral direction being limited upwards 
the pivot and downwards slightly below the hanging point of pivot 
solid stop, thereby eliminating the possibility of jumping out of reach of t 
pivot. As both pivots were in the same direction or downwards t 
permitted design of a clamping device similar to that used on the sit 
pivot movements, all of the weight being lifted from the main or cent 
pivot, leaving only the very light spring holding the lower jewel ag 
the lower pivot which could not possibly damage the latter pivot 11 
way. When unclamped, relative position of pivots in both bearings 
maintained as both pivots were in intimate contact with the apex of tl 
jewel bearings, thereby removing any possibility of calibration error du 
a variable change of position of moving element within its field. The s 
principle was applied to a fluxmeter and then to the regular line of mi 
and milliammeters, etc., where it has lent itself to removing the slight 
and down motion characteristic of the single pivot movement. Of cou 
this type of movement can only be used in meters intended for reading 
horizontal or approximately horizontal position. 

Fig. 4 shows the latest arrangement of this development on the stand 
microammeter movement. 


It is planned, pending ratification by stockholders of the respective corporations a 
annual meetings, that the Minneapolis-Honeywell Regulator Company will acquire 
properties and business of the Time-OStat Controls Corporation, the latter organi 
to be operated as a division of the Minneapolis Company 

It is expected that improvements in temperature controlling devices can be develope 
perfected much more rapidly in consequence of having the great engineering department 
these 2 leaders in the industry working harmoniously together 

The Minneapolis-Honeywell line will now comprise the TimeO-Stat gas h 
heater control, mercury tube switch devices, refrigeration controls, and electric sign flas 
in addition to its former line of damper regulators, controls for oil or gas burners, unit | 


1 


ind sectional controls, stoker controls, individual radiator controls, and motorized valv« 


ontrollers for industrial processes 


Illinois Testing Laboratories, Inc., of 141 W. Austin Avenue, Chicago, Illinois, anr 
through its Sales Manager, M. D. Pugh, the appointment of James H. Knapp Co. 4920 I 
Vista Avenue, Los Angeles with a branch in San Francisco, as its exclusive Pacific ( 
distributor of its products for industrial purposes, consisting of “Alnor” and “Price” 
and stationary Indicating Pyrometers, Resistance Thermometers and other electri 
magnetic measuring instruments 


The Bailey Meter Company of Cleveland, Ohio announces the appointment 
Dickey as Research Engineer. Mr. Dickey is a graduate in Mechanical Engineering of P 
University, and during the past few years has been specializing on Automatic Comt 
Control problems for the Bailey Meter Company. 
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NEW INSTRUMENTS 


Recently Developed by Instrument Manufacturers 


Write Information tion, Instruments Publishing ( Pittsburgh, Pa., for addit 











Air-Butane Ratio Controller 


(Foxboro Company) 


HIS instrument will automatically mix butane and air in the proper ratio where ait 
butane plants are helen 3 set up to supy sly gas to small communities. This instrument is 


illed a ratio- Alow recorder-controller and is b ised on the orifice princit le. 


1.3 1 





Like all other Foxboro ¢ ites acontrolled valve with air or gas under 15 
in.2 pressure. In its esse controller is 2 instruments in 1—a flow meter ar 
1 flow controller 

The figure shows a typical layout The meter side of strument is ected t 
rifice flange union in the air line. The controller side is cor ted to an orifice flange uni 














in the butane line. Both orifice plates are on the sucti I 
downstream or static pressure in both lines is the same and the resulting ratio of volume or 
B. T. U.’s. is constant. As the demand or load varies the differential across th 

= fine coll chance. This chance will reset the control point and cause the { 
ir line Will Change. us Change Will reset the control point ang Cause the I 


to readjust the controlled valve, thus maintaining the required 
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This ratio controller is equipped with 2 pens, one operated by the 1 which gi 1 
record of the changes in differential pressure of the air and the other attached to the controller 
which gives a record of the butane differential pressure changes. Both pens will record 
approximately the same differential pressure if the correct ratio is being maintained. T 


remove the difficulty of reading the chart with one record appearing directly over the other the 
pens of this ratio controller have been adjusted to operate 10 divisions apart h 
ifferential reading. A special chart to allow for accurate readings has been provided to take 


care of this difference 





INSTRUMENTS 


Compton 
Electrometer 


(Rubicon Company.) 


HE Compton electrometer 
the well known quadrant 
riginally invented by Lord Ke 


It is probably the most sen 


trostatic instrument 
not difhcult to 
features are the small size of the « 
rical system resulting in an extré 
small capacity (about 12 ems) a 
ease with which the sensitivit 
I ljusted to suit given w 
tions. The adjustment 
by me 
as “electr 
this adjustment 
le while 
connected in the working 
Sensitivities as high as 50,00 
volt have been obtaine 
the experimental mode 
In its construction the C 
is remarkably sit 


yunded 
remo\ 
ing the needle. 
quadrant is adjustable 
vertical direction, and 
ee RY ES Fe 
De raised or lowered [rom tI 


outside of the case for 





purpose of adjusting 
sensitivity 
The m 


» . 
sists Of 2 separate parts 





the needle and the suspen- 


sion. The needle is a very 








light vane of aluminum leaf 
to which is attached a light 


metal shaft carrying a small 





mirror. The suspension is 
a fine fiberrendered conduct- 








ing by sputtering with plat- 
inum in vacuum. At one 





end the suspension carries a 
fine silver hook from which 
the needle is suspended 
The other end of the sus- 
pension is attached to a 
metal pin which is held by 
a miniature chuck ins 

from the case. Provision is 
made for adjusting both the 
height and the angular posi- 
tion of the needle from the 
outside of the case 
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Foeppl-Pertz Damping Tester 
(Southwark Foundry & Machine Co.) 


TS Foeppl-Pertz damping machine consists of a frame (1), hung from the ceiling on a wire 





2) about 10 ft. long This unusual way of mounting the machine is one of the special 
tures which provide the high accuracy needed in determining the imounts of rk 
sorbed by internal friction in the specimen (3 The test rod (3 lly clamped on its 
ttom into the frame (1) by means of heavy screws and carries on its top an oscillating mass 





4), which makes a reciprocating rotary movement about the axis of the specimen, twistir 











he same back and forth. A small pivot (5) avoids any lateral movements, so that the stresses 

he specimen are purely torsional. The test itself is started by twisting the mass (4) to a 
esired amount and holding it in a twisted positior S ’ electr ignets 
6). Upon breaking the electrical circuit of which tl et ils are a i free oscil 





lation is produced. The stylograph (7) attached to the mass (4) records a damped free 
vibration diagram on the chart moved by the clockwork (8 








WeEiGnT \GO LBS 
Size: 24°« /8"x 10" 

















These curves are abtained in a few minutes and represent the damping characteristi 
the material which can be replotted in the form of diagrams, showing the amount of work 
absorbed in relation to the rate of stress 

The machine determines internal frictional losses of materials, which are also represent 
by the well known hysteresis loop. The method, as described herein, was developed at the 
Woehler Institute and after years of careful checking work by compar 
methods, represents the most practical way of measuring the internal 

The internal friction is of direct importance for damping critical 
service with crank shafts, turbine blades and other repeatedly highly 5 
A machine part with a high internal friction or damping capacity, keeps the amplitudes in a 
range where no failure may be expected 

It may happen that a material with a higher fatigue limit breaks as the resonance stresses 
exceed the safety range; but a material with a lower fatigue limit and with higher internal 


trict} 











on damps the critical vibration to such a degree that even the lower fatigue range 1s not 
exceeded and the material does not faik 


= 
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There is. furthermore, a fundamental connection between the elastic properties four 
the usual static test and this new test. This test automatically measures the area of 
stress-strain diagrams, which represents the absorbed work. It has been found tha 
internal friction starts at very low stresses; as a matter of fact, far below the so 
point. 

This test, therefore, reveals once more, in a particularly accurate form, that Hooke’s 
is merely an approximation. The actual behavior of structural materials deviates 
Hooke's straight line and this test shows how much and how it varies for different mater 
within the working stress range. It requires the most refined extensometers and 1 
patience to discover these minute deviations in any other test; while with this test 


surprisingly simple. 
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The test is non-destructive and its result is a physical property; viz., the internal absor 
of energy, due to friction or inelastic action. This quality is not the result of local condi 
as are the breaking stresses in static and fatigue tests; but it refers to the total volume 
material as the modulus of elasticity, or Poisson’s ratio do. 

In other words, this test means a novel method of investigating the stress range, pra 
used in service, which excels in accuracy, sensitivity and simplicity. 

The new method also seems to have particular promise for the study of internal or ext 
stress concentrations, due to flaws or surface damages. This has been shown by at 
of tests recently made at Prof. Foeppl’s laboratory. 


——r— 


+ 
Correction 
On page 779 of the December 1930 issue is a description of Mode 
Radio Equipment Tester of the Weston Electrical Instrument Corpot 
We inadvertently used the illustration of the Model 566, which is 
meter set. 
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Light Weight Volt-Ammeter for 
Airplane Battery Circuits 


+ 
snt ammeter for indicating the charging rate or the current drain upon the battery. 
).C. voltmeter for indicating the voltage of the batte Iwo separate instruments 
| 


[S certain types of airplanes it has been customary to provide in the battery circuit a direct 


irre 
a [ 


sretofore been provided, the ammeter usually being a { 
vent of the D’Arsonval type calibrated 30-0-30 amperes or 
voltmeter being 
other voitage as req 
cells used 
The Westingh 
recently level 





ire 1. mbinec voltmeter ¢ 
asonly seven ounzes. Dial is marke 
JUS paint. 


struments in one, thereby reducing the weight of the total equipment to about one-half o 

its former value. The new instrument weighs 7 oz. complete with all ninal clips anc 

mounting screws. It is entirely self-contained, and the dial is marked 50-0-50 amperes an: 
200-20 volts as shown in Fig. 1. This par- 
ticular instrument is designed for use with 
a 12 volt battery but other combinations of 
ranges are made for different battery voltage 
or current requirements 

Fig 2 shows the method of connec ting the 

instrument in a battery circuit. Assuming 
the positive terminal of the battery to | 
grounded, the common terminal of the 
instrument is made negative and connections 
are made fundamentally as st 


f 
J 
1 


ye 


1iown. The 
instrument normally indicates amperes, 
either charge or discharge, but upon pressing 
the push-button the instrument indicates 
battery voltage. 

A reading of battery voltage is of great 
value in determining the condition of the 
battery or in locating trouble such as a loose 
joint, a defective cutout, or a broken wire 
With the generat >d off or not 
running, and with a normal load upon the 
battery, it is possible to tell roughly the 

umount of charge in the battery by reading 
its voltage. A battery which 18 nearly 
exhausted will read several volts lower than 
which is fully charged f a defective connection develops around the battery 


terminals, the voltmeter reading > considerably higher than the maximum battery 


¢ 
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New Turbidimeter 


(Burgess-Parr Co.) 


provide 
washings from a I 
Barium ¢ 
f barium sulphate \ 
-nsion 
check determinations 
the solution 


peration and th 


y in the instrumer 


CI 


hart provided with 


quantity of sulphur or sulphate 
determined 
The instrument finds applicati 
' : “et 
inalysis Of fueis for sulphur 
sulphur content of ce 
tity of sodium sulphate in 


t of cement and 


st yf 


pplication is 


inasmuch as it pr 





U 





Other applications, s 
solutions, sulphate content 


measurements will, 


Turbidimeter for sul 


ranpie 


T) 
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Instrument Protection With Fuses 
E. V. Sundt* 


Be 


, general rule 
ist majority of ele 
No. 44 B. & S. and tl 
ese materials will 
itinjury. T 
tively simple 
| milliameters flip across 
hig > volt 


me 





nerefore 


ite equipment pr 
> fuse must go be 


nay be high et 


t 1 


kh 
VOILS all 


with billions of 


smount of energy isn’t worth fittee 


tter 


For that reason no matter 


ery small it is useless it 
ntage in circuits of 10 
, 


| 
it 1s IMpossIDIe 


> 
Nt ¢ 


us methods must be used t 


Vari yeti 


One method is 
ther method ust 


When t 








Round-O-Meter 


(Automatic Maintenance Machinery Co.) 


NEW direct reading 
round object from 
to half thousandths of 


gives the « pel 
of roundness of 
bushings, sleeves, bearings, 
round parts. 
The RoundO-Meter increas 


speed and accuracy of ins] 

in manufacturing plants, 
uncertainty and errors of outside 
meter measurements, and permit 


to do precisi 


without 


By using Ammco gage setti 
the Round-O-Meter can also be u 
direct measurement and comp 
checking. ngs are furnished in any specified c 


a ler-cize " } - - Vlad 7 ] 
sizes Or undcer-sizes, W1 il ; om 4 too inclus 
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New Wash-Wheel 


Thermometer 


(Foxboro Company) 


HIS new thermometer presents 


tried and tested features 


sasy to install, taking only a few minute 
> installed, it cannot be injured by con 
with the cylinder, closing or opening of 
, 1 1 ] eal] 
door while the cylinder is still in motion 
is extremely sensitive and is 
OS SR a ae 
un very close limits througho 
| 


> scale range. tcan D easily 
20 feet away ind it has the 
rking scale of any thermometer of 

This thermometer will remain accu 
he most trying conditions, and is 
le to either a wood or metal 


connection makes this possible 





tal wheels it is furnished with a uni 


ection 








—o 


Direct Current Volt-Ohmmeter 
(Roller Smith Company) 


f ‘HIS instrument may be used for continuity testing, as a direct readin 
reading voltages up to 600 volts, direct current. It is recommended 
radio testing. The voltage ranges have a resistance of 1,000 « 


The instrument is a Type PD four range voltmeter with 


nge from one ohm sca 


ohms. To change frot 
another it is necessary 
eee 
KnoD located at ti t 
The instrument mea 

1 teh /w 4 

long and 2 ey 

ly 2.9 lbs 


1 : 
to be hi 


i ne 


resistances OI! 
ment 
which can be pra 
electrical sup} ly s 
battery it is necessary 
back half of the instrun 
the old cell 

To compensate 
voltage, whic 
has been in 1 
rheostat is inclt 


1 , 
lated by 


\ 
the case. 


permit the needle to go to “zero” ohms. If the needle fa 

atten man 

theostat screw will cut out resistance and raise the v 
t 


a 
pair of special flexible cables with insulated test prods acc: 
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Sonic Altimeter 


HE echo, heretofore of value largely for the amusement of curious mi 

visitors to whisperin galleries, is put to practical use in a new device 
General Electric Com any and tested by the air « ps Ol the United States 
instrument, the design of which takes a hint from the bat, permits 


while landing in a dense fog, to determine at any instant his height a 


y 
¢ 
=) 


The operation of the device is simple: it merely shoot 
itches it on the rebound and measures the time consume 
The instrument is called a sonic altimeter, and its operatio nalagous to t 
supplies bats with tl uncanny ibility to avoid obstacl their weird ar 
ur, ss It is generally assumed that the bat, while flying, emits a sound t 
human ears to hear, which apa back from the surface of surrounding 
ng the animal to sense the proximity 











| indicator is very useful when the sirplas 

ne altitude to another of different altitude, in the f fog 
radio beacon is sufficient to guide the airplane thr us gh fog or clouds to its destinat 
natic pilots, the welicies orizon and other blind flying instruments either bein 
developed, make level flig ble unde mditions of no visibility. But =a 
problem, and until now 1 lved, was r finding the way to the fog-t 
drome. This, it is believed, tl nic altimeter will 10w make possible. Havir 
over the airdrome the bounda which are made known to the pilot by an electr 
field, the airplane is brought down until the sonic altimeter shows that it is 
about 200 feet. The engine is then t throttle 1 or slowed down and the airplane 


settle in a normal glide 

Here is where the sonic altimeter is called up n for its best service. The time 
between the whistle emitted from the airplane and the echo which is picked up by t! 
a measure of che height. As the airplane nears the ground _ interval becomes sh 
shorter until, at a height of about four or five : whistle and echo blend int 
bined note The pilot knows at tl me tl can pull back on the stick an 
“pancake” to the ground. 


Further tests are being made with a view to sieaptifica ition of the apparatus an j 
of weight in order that the sonic altimeter can eventually be placed on the mar 


tion On any airplane. 
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The Tackiscope 


(Robert Donner) 


HE Tackiscope has been developed to en ible one or several obser vers 
to study the successive phases of varying motion through the projec 
of interrupted light flashes upon the object. When the instrument 
,djusted that these periodic flashes have a proper synchronous frequency 
oving body apparently stands still; or it can be made to appear moving 
slowly either forward or backward as the operator wills. It is an ipplication 
the same principle for producing the illusion of motion by a series of 


pictures viewed in rapid succession. 


j 


We see an object by virtue of the light rays reflected fron 
the retina of the eye. While the travel of light is practic 
being approximately 186,000 miles per second, the time 
pulse to reach the brain and register is appreciable; whet 
lse ceases the reflected image remains in the brain for some 
length of time. This interval is known as “ 
juration is variable depending somewhat upon 
reliable figures are available, but it is estimated a 
When, therefore, an object is revolving at a speec iore than 300 revolu 
tions a minute this persistence of vision compels us to see successive portions 
f the path of image simultaneously and results in -d bl 
tating part. 
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The Tackiscope is so arranged that the light reflected fro: 
object under observation reaches the eye only for a very short per 
time during each revolution and we depend upon the persistence of 
to give the mental effect of a continuous picture. The length of tim: 
be short enough to eliminate all blur, but long enough to permit suff 
light to be reflected Irom the ( ybject. This delicate operation 1S effec t 
mechanical interruption of light reflected from a 200 watt incand 
lamp against a highspeedrevolving mirror or mirrors, the number of sey 
and distinct flashes being made to correspond exactly with the revol 
of the moving part. The velocity of this revolving mirror, whicl 
speed range from zero up to 33,000 revolutions per minute, permits of 
synchronization and is controlled by a small friction drive disk at the 
of the instrument. This mechanism is so sensitive and nicely adjuste 
its slightest movement enables the operator to follow the moving 
whatever its velocity, and cause it to appear stationary, or turning s| 
forward or backward. 


ig 
lv 


By merely pressing a button on the side of the tachometer the rev: 
per minute (R.P.M.) of the moving body can be quickly and accu 
recorded. No contact with the part being examined is necessary 
actual reading of the speed may be taken later as the hand on the di 
in position until the button is again pressed for another reading. 


The instrument is conveniently portable, and can be plugged int 
ordinary electric light socket, taking either direct or alternating 25 
cycle service. Its size is 14” by 11” overall and weighs less than 
complete. The case or outer shell is made of cast and tubular alu 
alloy and the working parts are of machined bronze and bakelite 
important elements consisting of a !/;5 h.p. motor, 200 watt incar 
lamp and base, mirrors, lenses and reflector, are of standard manufactur 


19 


The instrument is designed to aid designers, factory engineers 
more technically trained research men in plant or laboratory, but 
are as varied and manifold as the different types of machinery built. 


The most obvious applications are 
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Improvements in Protective Relays 


HE Westinghouse Electric and Manufacturing Co { 
ts in their Type CO and Type CR relays, which 
,ys for automatically sectionalizing transmission lines and 
rence of overcurrent or change in direction of the current respectively 
andard models and al 

where 

1 the operation of the relays 
Inspection of the relays ha en facilitated 


> re induction type protective 


f a 
1 


distribution 
of 


y making the 
th removy ible; 
- 


> hle ) 
accessiDie ana m¢ 


I 
} 


Dy means of 
| 


relays on eitl 


The 4 t 


The operation 


nd 
ind O 


pe 
perate on 
or 2 amperes 
power directional relays are available with direct 
idelement starting until the directional e 
All relays are adjusted to the same curve, a ct 
pment of definite minimum time features, 
new relays are strictly interch angeab 
uppearance is so slight that there is no difficulty in 


>—.ors 


Dynamometer Auto Gage 


(Toledo Precision Devices, Inc.) 


YNAMOMETER tests of auton 
the re and the surr j 
ipproximate the true conditions, 
1 wind tunnel, in which the 
itom 


. j 
wind 


arious Manufacturers are now using wind tunnels 1n V 


itomobiles or airplanes. By means of fans and motors, tl 
nay be regulated to meet the requirements, and by means 
temperature 
With the Toled 
meter is mounted 
dynamometer aut 
in the foundation, 

0 ometer, and is 
indication. Wit 
which is operated 
the dynamometer ye 

ther in the remote head the observer ma} 

x located in any convenient 

j nete 

illustration sho 

auto-gage, and the rer 
The dial on the autos 
torque of the dyn 

am ometer 1s connect 

1k lever to an arm which extends vertically down from the d 

the auto-gage is driven by a pendulum mechanism and 


the shaft of the Selsyn motor. 
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The head for remot 
exception that 
auto-gage head 
When al 
a certain tor sl 
through the same angle and will rea e same as the dynamometer 
1 with a Sel 
>d at a remote pi | 


convenient : he an the one described, depending on the constr 


operatec nean D ) r extension levers ne auto-gaye may 


ings 

The Toledo dyn 
operation, and is so constructed that it may be conveniently 
dynamometer itself hould be a great aid to automob 


throughout the\world yne shown w: n ted for a large manufacturer in G: 


Metallographic Polishing Machine 
(Cincinnati Electrical Tool Co.) 


ire made « 
les interfering 
I lishir 
to be easily 
drain prevents 


1 permanent 


mination, also for quickly we 


s On specimens of an} 
_so necessary for the fir 
for investigating the natur 
metallic inclusions, are also av 
This polishing machine is 
with a variable speed motor tl 
speeds between 30 
A con 
brushes of 
motor 
readily while 
rent motor is regulated by fiel 
ture control rheostats 
This polishing machine is e 
A simple clutch f 
ibles the operator to 
disks quickly and easily I 
one disk from the motor shaf 
stituting another. A spun ¢ 


is furnished for the bowl 


ot 


, thus preventing contamir 
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New Metallographic Polishing 


HE new Aminco aut 


1 
litabl 


rings, and is 
ng on the polist 
: 


e lishin 
lriven 


Machine 


(American Instrument Co.) 


1 | Se Le ae Sey 
DH uc polishing machine has 


ead is mounted on 


+} 
1 
} 
I 


ing 


s float on the polishing 





eliminates the persor 
grade of work 


cost 1n 


It will 


y metallurgical 


an 








providing they 
, 


ind 


TI is Mac hine 
time 


such a classification 


1] 
wil 
The specimen 


that they 


on the same 


Cut Off Weighing Device 


(Toledo Precison Devices, Inc.) 


The elec tri 
sures exact weight, 1s 
attached to anv f 
conveyor, continuous filler 
tion packaging machine 


caer Sue ondie 
and may be rm of endless 


, Or mass produc 
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Februar I 


Two New Control Valves 
(Bailey Meter Company) 


HE new boiler feed pump governor illustrated in Fig. 1 is designed primarily for use wit 7 
turbine driven pumps. Its purpose is to maintain a constant differential betwe 
pressure of steam leaving the boiler and the pressure of feed water in the feed water 
The governor is installed in the steam line to the turbine and controls the differential px 
by throttling the steam supply 
: . ; 
Feed water pressure is transmitted to the inside of the sylphon G, this force being | 
by the steam pressure and the spring K on the outside of the sylphon. When the stear 
sure decreases, the sylphon expands moving the valve mechanism upward, thus thr 
the supply of steam to the turbine. . Ina similar manner more steam is admitted to the t 
when the steam pressure rises. To bypass the governor, valve A is closed and va 
opened, thus equalizing the pressure on the inside and outside of the sylphon so that the 





will hold the valve in its open position 
The governor may be set for any desired differential by adjusting the spring tensi | 
means of screw N. There are no glands or stuffing boxes on the valve rod so that its n 
not retarded and there is no tendency for the valve to leak 
The valve is of the tight seating and fully balanced design and the entire seating art 
ment can be easily installed or removed from the valve body without taking the bi 
] | 
| 
| 


the line 








| 
TO OPERATE-CLOSE VALVE"B” | | Th 
AND OPEN VALVE “A” | _ 
TO BYPASS—CLOSE VALVE “A”. : be 
AND OPEN VALVE ‘B* 13 reqt 
a j rr 





W 
vd 
re) 
ay 
gS 
rt 
ef 
2 
c 
R 





THIS END TO HANG DOWN 





Fig. 1 Fig. 2 vith ( 

The new control valve, Style K, illustrated in Fig. 2, is for use with Bailey automat tationar 
control systems and can be used with practically any fluid. The V-ports are scienti! The 

LIC 77 


designed to give a straight line flow characteristic. A fully balanced valve witl 
cage and discs removable are other distinctive features of the valve 
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New Model 3 Vibroscope 


(Electrocon Corp.) 


HE Vibroscope operates on the well known strol 
rrupting the vision between the observer's eye 


t he gets a quick glimpse of the mechanism each t 





The parts of the Model 3 Vibroscope are: 
ee 


The ha a pene dec apelye in aluminium reflector 8'4” diameter which houses 3 neon tubes 
, 








It is shaped at the back so that it may be comfortably gripped in t La lso has a leg 
that it may be laid down on a flat surface with its rays directed 1 moving ct. The 
tubes produce flashes which combine brilliance with extremely sh iration, the glow 

ng element consisting of a long spiral of glass tube. They are mounted on standard screw 


| are of very strong construction. The tubes will not burn out 

















The breaker head is driven from the mechanism under observation and is provided with 
ber ar nd steel driving points exactly the same as a hand tachometer, and no more power 
juired to drive it than a tach me ter. Its body is of brass, and its ;°;” diameter steel shaft 
comal on ball bearings, which do not require lubrication or adjustment. An electrical 
lit is broken once per revolution at a pair of cam operated platinum points, which are 
hed for cleaning or adjustment by removing a cover plate. A small knurl 
er head is known as the phase adjuster, and by turning this the neon tubes can be made 
sh at different positions in the revolution, so that the moving mechanism may be viewed 
fferent positions in its cycle. If the phase adjuster is turned clockwise, the mechanism 
ler observation will appear to turn clockwise, and vice versa The pe adjuster is 
luated in degrees so that phase positions can be definitely identified, a is the exact 
t in the revolution at which a valve in an automobile engine is observed to commence 
ig under the rays of the neon lamp. 





KIX b in the 








~ 


The carrying case contains 3 or 4 dry cells which provide a _ power for operating the 
eon tubes, the hand lamp and breaker head. At one end of the case is a container whic! 
atries the necessary coils for stepping up the battery nor ole to operate the neon tubes 
ve mtainer may be removed if it is de sired to operate the instrument from a st: rage battery 
tead of the dry cells. Mounted on the coil container is a knurled adjusting knob, known as 

lefinition control. For general applications the clearness with which details stand out ot 
ving parts is sufficient when the neon tubes are flashing at maximum brilliance, but it 
nes happens that the very minutest detail is required to be observed. The di >finition 





nt.ol is then used, and as it is slowly ne the moving parts will appear in greater detail, 
ith a corresponding slight sacrifice in the brilliance of illumination. When the limit of 
einition is reached it will be every bit as es ar as if ‘the moving object were actually standing 


lonary, and the illumination will still be good. 





= motor unit can be sup P lied in place of the breaker hea here it is more 


smient to regulate the light flashes frorh some source which is in no way connected with 


s 
£ 
eS 








Pa 2¢ INSTRUMENTS Febri 














motor hich will run fr ither rect ' g current supply At 

+ ie enonenite earl l echanism whi tical to that contained in t 
I it the other « yovernor mechanism is mount which will h t 
pert t 1y desired spec A knur k I ting from the governor end s 
egulate the speed t extremely fine degree of ira ind this is supplement 
r} eat lee , ne sn feant the moat La ale 1 + . T 

Stat K c l I t tor V1 18 ¢ y used a W ST is | 
irately governed range of the motor t is from 700 to 7000 r. p.m. But speeds n 
t this car hserved with it, since it can be run at any low multipze of th 

' sorwsie Projecting from the breaker « the motor unit is a short 





made with comft For lower speeds it is usually best 

ff some of the s this, successful observations have 

t speeds i. ed at whi h the bri iker hea il 
this can be observed by using the r 


The New pH Slide Comparator 


(W. A. Taylor & Co., Inc.) 





t 











St is not 1 1S€ iste ry 
lower part by means of sprit ' 4 
In making determinations, the t 
1 to the mark (5 ¢ with the sar 
ise To the central t ’ 
il nipple at 1 the 





1 | ] + 

is is now placed in post 

source of dayligh 
; : 


h 1s obtained 


¢ +h 
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I 
5 ¢ i tor 
those workers who requir port I \ set ring a wide pH rang Th 
5 models £3. FE 4,T-5,T4 1T-7)t ver the rang ! 3456 " 
s respectively between the limits of pH 0.2 and 13.6, tl rafter T 
imber of indicators included in the set 
Each long range slide comparator contains one complet t to 6 ext 
slides; vials of the corres ing indicator soluti t | 
su 5 cc. test tubes. This equipment is contair se 1) 
2 g 
° 
New Time-Cycle Regulator 
(Taylor Instrument Companies) 
To peration of this instrument is independent of temperat I 
ised to oF > In general it ter t 
é Pra ti 
O 


New 350 Power Microscope 


(Wollensak Optical Co.) 
_—— Micr 


If 





s 1 aN 1 t 
itely gr te 5 X ri 
| ] ¢ t 
rack 1 pini y st A I 
used 1n al Sit1 s 
iny matter t I ti 
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Automatic Temperature and Safety | 
Control for Ovens ; 





.. NE of the isers of industri 
baking, temp. control 
provide unif however, is absolute 














spn fi 
green ila 





Ie] liroc m service line thr 
volt line direct from service line I 


4 snap switch on outside 
Inside the cabinet current is 
to the various devices | throu Thi 


1 to the outside inet belt 





ndicating contrower ‘ 





ic 
1 
set for any temperature desire t 
Adj st hb] arms nr vide + - nr 
A\gjustaDle arms provide apt 
mum and minimum range ar Lhe 
RE, SRR ATS EP pare P 
contact 1s formed With the t d 
a eee ae ee ees ‘ete ee ia ae \ 
indicating arm, the electrically Operate 1 ( i Valve Cioses OF ens 
1 1 1 , ’ a 
ly as the case may be, thus'reta r supply to the oven andr pe 
] } r ¢ 
oven temperature wit hin the desired range. r 


On the heater itself is located a Maehler-Maxon aut atic sh it-off safety valve ae 





fuel supply. 
1 








event of either fan or fuel failure automatically sh Pe 
: ? vibr 

this valve cannot be turned on except by manual operation, thus provid y as T 

tional safeouard: however. an auton Time Delay Control located in t 

tional Safeguard; however, an automatic iime elay ontrol located in ale 

, - 1 ; resis 

and key prevents any faction flow of fuel until a certain predetermined + 
which may be set at any length from one second to thirty-three minutes. oa 
he 


The t hercury actuator in the cabinet operates an electric match, or spark an 1g, 





ight and provides intermittent sparking of five seconds duration and five seconds off. 17 tions 
even if the pilot light should go out, it is instantly relighted by the spark is | nerat 
wired through the red flasher light n top of the cabinet which shows at a glanc tt are it 
spark plug is operating. The time delay relay is wired through the green light on t Tl 
cabinet so when safety valve is an sed, due to any interruption, the green light i t enc 

indicating to the operator by signal, the exact functioning of the control at all times the si 


1 1 =e ee ~~ , emities 
entire electrical input to the control unit is but 175 watts, and but 75 wat enter 
are used continuously; the balance of 100 watts being m at the time of elect expar 


and temperature control operating. ing t 





tT 
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New Aircraft Indicating Instruments 
(Gene *ral Electric Co.) 


HE new instruments are built in cases which conform to stan Arm y-Navy specifica 
tions. The temperature an ? pressure elements are separate units; those for oil tempera 





ture, oil pressure, fuel pressure and cooling liquid temperature are to be attac hed ti 
the stan vp as a a g the conventional temperature bulbs sure tubing The 
elements for the air temperature indicators are arranged for mounting on any convenient part 

the ath Linas air temperature indicators are used for ice warning and wherever 


milar temperature indicators are desired 





G-E TYPE OW-S RATIO METER OF TEMPERATURE INDICATOR WIT 
EXTERNAL RESISTOR. 





TYPE OW-7 RATIO METER OIL PRESSURE INDICATOR WITH PRESGURE 

















All the indicators operate on the principle of current flow in a resist 
The current in a vi ariable resistance is compared with that ina fixed resistance, the latter 
ing part of the indicating instrument and the variable resistance being in the se 
ment. The resistance of the temperature element changes with temperature an 
pressure element changes with pressure But a small amount of current is required 
ipproximately 50 milliamperes normally), the supply being a 12-volt bat 
The accuracy of the instruments is not affected by variations in battery voltage 


I 
1 that 








All the instruments are furnished with shock-absorbing cases which conform to Army 
Navy specifications, and permit flush mounting on instrument panels. The inside cases and 
operating mechanism float in sponge rubber carried by the outer cases. The outer cases 
protect the operating mechanisms from mechanical injury and act as magnetic shields to reduce 


va | rhy 


interference with card compasses which may be located n 
The instruments are accura tell r designed and careful 
vibration. All bearings are jeweled and luminous pointers and s 
“The temperature elements ire resistances, sensitive to t | 
resistance chan ges in accordance with the temperature to which 
il temperature and co ling liquid temperature the elem« 
metal cartridges threaded at one end for attaching to the stand 
radiators. Inside the cartridges are the temperature-sensitive resistance coils and conne 
tions are brought out for wiring to the indicating instruments. For ice warning and air tem 
perature the elements are designed for maximum sensitivity with minimum drag. They 
are intended for mounting on struts, wings or fuselage members 


eal 





ly constr 








The pressure elements consist of vari rial le resistances acti 1 by a copper bellows, totally 
enclosed in ailesreoct oil-tight, metallic cartridges ided for attaching to 
the standard engine and fuel-line Seting gs. Theoil (ifo fuel (if fuel pressure 





enters the open end of each b ellov ws Causing it to expand in proportion to the pressure. This 
expansion changes the electrical resistance of the coil. Connections are brought out for wir 
ing t 


ing to the indicating instruments 
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Advantages of the line: (1) simplicity of remote indication, and elimination of t 
and mechanical connections; (2) light weight of relatively long-distance installations; (3 
accuracy and the ability to withstand vibration, and (4) the use of one indicating instr 
to measure any number of corresponding temperatures or pressures successively by mear 


selector switch. 


Astronomical Observer’s Platform 














ROM the River Works of the General Electric Company at West Lynn there was 1 
shipped a piece of astronomical equipment which is the first of its kind in the w 
is an observer's platform which revolves in any desired direction, enabling a person 1 
observations with an astronomical telescope to follow the telescope in its rotation. 

The platform was built for Harvard Observatory, at the suggestion of Dr. Harlow S! 
director of that observatory. It is to be installed at the Boyden Station of the Harvard | 
servatory, located at Bloomfontein, South Africa. It will make the journey to its pert 
location by boat from Boston. 

Designed by John French, designing engineer for the General Electric plant, the equips 
consists of a traveling carriage, which moves upon circular rails, supporting a tower ' 
turn supports a gallery. The gallery can be raised or lowered, or turned in a horizontal 
rection around the tower. This motion, combined with that of the lower carriage, 
an observer to place himself in any desired position in order to look through the eye-pi 
the telescope. This is essential as all such telescopes are continually in motion, foll 
course of any particular star. 

The platform is operated by electric motors, the control buttons being conveni 
observer's hand on the platform. The platform will be used at the South Africa st 
a 60” telescope. 
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Automatic Controls for Adjusting 
Rolls in Steel Mills 


Pe automatic screwdown controls for providing pr per a jus stment of the 
h use Electric and Manufacturing Company, for sees tag in a pee 
nill in Chicago. 


In lias steel through a mill, the ingots naturally become smaller at 
h passage through the rolls, and, consequently, the rolls must be brought 
closer together. Formerly it was 
necessary to have an operator 
make the adjustments manually 
after each passage of the ingot 
through as rolls; but, with the 
automatic control, a predeter 
mined amount of “screw-down”™ 
or reduction of the distance 
between the rolls is arranged for 
by plugging in leads at certain 
points and, when the mill is in 
operation, this screw-down is 
provided automatically at the 
correct intervals. 
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Using this apparatus, one man 
can operate the entire mill. 
When the work is ready to 
begin, he simply throws a pass master switch, which starts the screws 
turning for proper adjustment for the first pass. Sights indicate when 
everything is ready. After the beam of iron or steel has passed through the 
mill, the operator moves the pass master switch to the second position—and 
soon. By throwing the switch to the off position the operator may resort 
to manual control at any time 


The illustration shows one of the automatic screw-down controls 
n test in the East Pittsburgh Works of the Westinghouse Electric and 
Manufacturing Company. This view is from the front and indicates 
the number of contacts: there are more than 230 of them through which 
the operation is controlled. 


As the screw-holder (shown in a vertical position in the photograph) 
is rotated, its sliding contact meets the spirally-mounted contacts on the 
stationary Micarta panel, energizing the circuits that provide the correct 
spacing between the rolls of the mill. 

The automatic screw-down is an example of eliminating the uncertain 
human element from industry and assuring the unvarying precision and 

iniformity required. It has proved that it can very successfully take care 

of tha t task in oper iting the mill to which it has been assigned; and it may 
be an indication that the operation of entirely automatic steel mills is a 
tuture possibility. 
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NEW damping U-tube has been perfe recently by the Foxboro ( any f 

ill their new style flow meters and flow controllers. This U-tub: e 
proper damping while the instrument is in operation. There is no need of shutting t 
sure off or taking the instrument apart in order to make this adjustment 
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At A is a “screw-driver’ which is fitted to the end of needle valve D. By tur 


adjustments can be made in the damping without the mercury being forced 


adjustments can be made very minute or very large as conditions warrant 


Aggregate Auto Gage 


(Toledo Precision Devices, Inc.) 


of concrete is largely 


of cement As mixes are 
on dry igegregates, ind il 


percentage of moisture, it 


to use, and so the moisture « 





he = 
accounted for. 





to determine the exact amount 


aggregates must be asce 


amount of mixing water used 
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; 
> having determined the moisture content of thi 
run of each aggregate, this device will automatically 
rectly weigh out the specified amounts of the various ag 
compensating for the surface moisture in each. Cen 
water can then be added by weight in right proy 
‘ 
gregate Auto Gage will 
er f sture of I gregates 
surfa f Ta ates 
I igg 
i y gates 
5 f regular run aggregat 
6 f surf moist 
8 t ores t ne 
9. Do regular we g 
This device is designed primarily for production, | 
. 
and inspection work. It insures*correct water-ceme 


+ 


correct proportion of cement to volume of concrete, u! 


; m : tes 
of product, strength and durability. The aggregate auto gage reduces waste 


total cost of material, facilitates handling and placing, and it simplifies inspection : 


production volume. 
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Foeppl-Heydekampf Bending 
Machine for Static and Repeated 
Reversed Loads 


(Southwark Foundry & Machine Co. 


KNOWLEDGE of the endurance properties of all machine parts subje 

stresses, is very important. Consequently endurance Or 

re essential. An ideal fatigue machine should permit the different “short time” deter 

minations of the fatigue limit to be made. This limit is defined as that stress that can be 
withstood for an indefinite number of stress cycles without fracture of the specimen 

The frame of the machine (4) is a light alloy casting into the lower part of which is built 
4 switch panel containing all necessary operating and controlling instruments 

The bottom of the specimen (1) is rigidly 
clamped to the frame (4) and the top is con- 
nected with an oscillating mass (2) of con- 
siderable length. Usually the tests are run 
with two specimens at a time (one is shown 
ilready broken and the lower part of it re- 
moved from the frame). The machine may, 
however, be used equally well for a single 
specimen. Two thin flat springs (3) are 
mounted in a similar way between frame (4) 
nd oscillating mass (2), but they are not in- 
tended to break, being thinner than the 
specimens. The springs (3), the specimens 
1) and the mass (2) form a mechanical swing- 
ng system, which is excited by two pairs of 
electromagnets (6a) and (6b), alternately giv- 
ing impulses to the mass (2). The magnets 
are switched on and off by a special lever 
contact device, not visible in the illustration. 
The switch lever is moved by the mass (2), 
due to friction, so that the number of im- 
pulses agrees with the natural frequency of 
oscillating system. The exciting mag- 
etic forces change their direction in the end 
position of the swing. Once slightly touched 
by hand, the system starts and keeps on 
swinging “in resonance’’ and requires very 
low power (not over 0.3 KW). The ampli- 
tude of the oscillation is varied by changing 
the current in the electro-magnets (6) by ad- 
justing the rheostat (7). 

The oscillation is a rotary reciprocating movement of the mass about an axis through the 
middle of the specimen. The angular amplitude can be read from special visual readit 
devices (5) attached to the ends of the mass (2). Both devices give the same reading, checking 
each other. The stress in the specimens is proportioral to the amplitud 








r fatigue tests be 
























le within the range of 
Hooke's law. It can be directly figured from the readings on device (5). If Hooke’s law is 
exceeded, the exact determination of the stress must be made by an additional static loading 
arrangement furnished with the machine. The pulleys (9) and some other weighing and 
measuring equipment not shown in the figure permit finding the actual stress strain relation, 
thus eliminating the usual error, due to figuring the stress according to Hooke’s law. This 
static weighing device also eliminates the errors based on the assumption that the clamps are 
rigid, since the amount of yield in the grips is measured in the static test 

_ The outstanding feature of the machine is that the stress is constant over the full gage 
length of the specimen. The acceleration forces during the oscillation are pure moments 
The center of mas; of all moving parts is in a stationary position, so that a pair of acceler- 
ating forces is always generated. The stress distribution over the length is as uniform as the 
one in tensile specimens and the simple shape of the latter without reduced sections or tapers 
is readily applicable for fatigue tests on this machine. The failures are, therefore, not restricted 
to a certain part of the specimen, but occur where the weakest point of the material happens 
to be, thus clearly revealing any lack of uniformity of the material tested. The uniform 
ess distribution is also applied in the static bending test 


str 
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The number of cycles is counted by an electrical counter (8) driven by a small synch 


motor in series with the pulsating current line feeding the electromagnets. 
] 


February, 
ee 


As a matter 


fact, the number of electric impulses is counted, which, however, is equal to the number 


Jue to the resonar 





oscillations or stress cycles 





> principle applied. There is, furthermor 


automatic adjustable contact mechanism, which stops the machine after a failure 


It should be noted that the specimens do not rotate and have an unusually large part 
their total volume subjected to the testing stress. The machine is, therefore, partic 
convenient for any of the proposed “short time” tests, e.g. rise of temperature meth 
electrical resistance method. It also permits with more than the ordinary facility the st 


of the mechanical hysteresis effect to which property the names “damping capacity 


I ii i 


bee} ; 
dynamic ductility” have also been applied 


The machine represents a very progressive type of fatigue equipment and materially sin 


fies the application of dynamic stresses. 
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New Recording Balloon Theodolite 
(Gustav Heyde) 


HE observation of the force and direction of the wind is of utmost importance for meteor” 

ological as well as aerotechnical purposes, and the usual method of ascertaining these 
elements consists in employing so-called pilot balloons capable of disclosing a regular climbing 
capacity which may be controlled at will and amount to about 120 m., 150 m. or 200 m. per 
minute. When such pilot balloons are released and observed by a theodolite as to horizontal 
direction and elevation, horizontal and vertical curves indicating the movements of the balloon 
can be prepared to serve as data for meteorologists and aeronautical experts. 


As a rule, observations are made by means of two types ot pal oon theodolites: plain and 
recording ones. The former may be handled even by technically untrained assistants and 
are adapted for all measurements requiring no greater accuracy than about 1/10° and being 
carried out every minute or so. If greater accuracy and more rapid observations are necessary 
a recording balloon theodolite of the type described below, must be employed. 








Principles of Construction. In order to be universally useful the instrument had to comply 
with the following requirements: 


) reliable and rapid erection, 

) omission of superfluous weights, 
compact design, 

Just-tight construction of all finer parts, 
easy and safe operation. 


7 ae a) 


Connections involving photographic recording were therefore dispensed with, and in lieu 
thereof a remarkably simple recording device for position and time was designed and the ar- 
rangement and reading of the circles were chosen so that horizontal and vertical direction 
takes place in one eyepiece wherein also the adjustment to the object is effected, i.e. not in an 
auxiliary telescope. For particularly exact and quick work a second eyepiece is provided op 
posite the first one by means of which the object can be followed while the first observer takes 
the readings. The results of the measurements recorded as direction values on the time drum 
on millimeter paper and on the horizontal drawing surface on polar coordinate paper are 
available immediately after observation, while films must first be developed and the observa- 
tions are lost if anything goes wrong with the photographic part 

_In response to practical demands the lenses are chosen so as to provide for a magnification 
of 18 X with a field of vision of 214°. The focal length of the telescopic objective is 450 mm. 
and that of the orthoscopic eyepiece; 25 mm. 
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The design avoids structural parts which, as in other types of theodolites, project 
siderable distance fre mm the closed rorm ind thus bec me tr uublesome Telescope circle 
elevating screws, which in theodolites of other type would cause inaccuracies or failur 
the instrument were exp sed ft wind and weather, are covered and arranged dust t 
The instrument can be set up by untrained people after some practice. The stand is fitt 
with a novel lever clamping device to avoid thumb nuts and screws. Set screws for folk 
the object in horizontal and vertical direction are disposed on both sides and made so that 
large knobs arranged on flexible shafts can be handled also with gloves. Circular divisior 


1 


1 1 1] . ! 1 all 
Carried out Dy specially constructed divi ling engines and allow an estimate of one minuté 








both horizontal and vertical circles 


Automatic Excess Temperature 
Cutout 


(Hevi Duty Electric Co.) 


HE automatic excess temperature cutout can be applied to any type of furnace t 
work or furnace from damage due to overheating 
It has been the practice to employ an excess temperature fuse or link in the furnace « 
system which was intended to melt in case the furnace exceeded safe temperatures. Dui 
the shortcomings of this method, brought about the development of the automatic ex 
temperature cutout 














The instrument responds to a thermocouple located in the furnace chamber which act 
a thermal cutout to control a relay which is a part of the furnace control system. Adju 
controls are provided so that the instrument can be set for any desired temperature. It 
be calibrated for any thermocouple and used for protection purposes up to 3000°F. _ In cas 
the furnace temperature rises to the set point, contact is made and the heating source inter 
rupted. Warning is provided also, against failure of the thermocouple operating this 
ment. 

When the relay is actuated, the heating source is shut off and a light indicates or ar 
bell may be rung to attract the attention of the operator 
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Precision Threading Lathe 
(R. Y. Ferner Co.) 


bruary, 1931! 


OR several years the Société Genevoise d‘Instruments de Physique, of Geneva, Switzer 


l screw cutting lathes, up ity of 48 inches 


Nac 
Ad} Ly i 


land has marketed five sizes of specia 
I these lathes Ww hich 


The company has recently redesigned the sn 





between centers 


will be known as Type PF-2A 
This lathe now has a bored spindle permitting the use of spring collets and the machining 
ong thin pieces, as well as working the larger pieces on a rev ing cas Shae alae 

| threading also. Other improvements of 


with a slotted face plate permitting interna 


e lathe include better lubrication of all the bearings 

















| 
This lathe uses change gear wheels for obtaining different pitches. A set of these 1 
furnished with the lathe making it possible to obtain 36 pitches in 1 inits between 4.5 
and 100 threads per inch as well as 37 metric pitches from 0.1 mm to 5.0mm. Thi Ira 
of the threads obtained is guaranteed to 0.0001 inch for the whole length of range of thi 
machine, 8 inches. 
The lathe has a maximum distance between centers of 8° inches wi t external 
threads up to 2 inches diameter. The maximum diameter of a workpiece over the ways cat 





be 6 11/16 inches, or, over the carriage, 434 ir 

















The lead screw of the lathe is automatically compensated for 
f an arm extending from the nut to a curved slot, the curvature of whi 


accurate measurements of the errors of the screw. The slight additi 
tion of the nut at any point serves to hold the cutting tool at all tir 





1e plate Carrying this 





for the standard temperature of 68° F. 
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an axis to make correction for temperature so as to cut screws to be standard at any temper 
ture between 32° and 68° F 

The slotted face plate, furnished with the lathe to provide for the cutting of inter 
threads is 434 inches in diameter and allows threading of pieces up to 33° inches exter 
diameter. 

The lathe is driven through a 4-pulley countershaft and a 35; inch round belt to the dri 
pulleys of the lathe, giving the four work speeds of 26, 46, 78 and 140 r. p.m. The ret 
speeds are three times these 

The toolholder is adjustable in two directions, square to each other, by means of t 
micrometer screws reading to .0004 inch. In order to disengage the cutting tool at the « 
of the cut the upper slide can be rapidly pulled back by a lever and then be brought back 
its previous working position without it being necessary to vary the adjustment of 
micrometer screw that determines the depth of cut. This speeds up the work and av 
useless wear of the micrometer screws 

The tailstock is also adjustable so as to obtain truly cylindrical work. The headstock 
fitted with a reversing gearing and clutch coupling, and a connecting rod with adjusta 
stop pieces controls this clutch coupling to automatically stop the lathe at the end of tr 
in each direction to avoid any possible damage that might arise from inattention of 
operator 

Spring collets of an external diameter of 3% inch are supplied in sizes varying by 0.02 ir 
from 0.02 inch to 0.05 inch, or special collets can be supplied when called for. The drivir 
plate for external threading is 4 inches in diameter. Other equipment of the lathe inclu 
a tool holder for internal threading, a bored draw-in bar a set of female centers, a magnifyi: 
lens with support, and two sharpened cutting tools of 60° and 55° angle. 

The overall length of the lathe is 311% inches, its width 151% inches, its height 13 
inches, the height of the spindle over the bottom of the bed 95¢ inches 
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New Flat Plug and Shoulder 
Snap Gages 


(Taft-Pierce Mfg. Co.) 


HE flat plug gage incorporates all of the economies of adjustable gaging members 


consists of a well designed and balanced body, shaped to fit the hand conveniently. Its 


gaging members are the outstanding feature. By an eccentric adjustment they can be « 


panded, locked, and then reground to original size 


x 


They are made from a special hard steel which gives long wearing -qualities and the inter 


changeable members can be replaced; hence the life of the gage is unlimited. Expansior 
14” is provided to allow a generous number of regrinds 





The adjustable snap gage is designed for 
checking flat or cylindrical work of plain 
sections or shoulder work up to a sharp cor- 
ner as well. 

The adjustable member has two square 
anvils which can be set to any desired limits 
within its range. A newly designed clamp- 
ing device locks the anvils securely so that 
no variation is possible after sealing. The ; 
stationary member is rigidly bolted to the frame which is designed specially for conve 
handling. 
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WATER WORKS JOURNAL. No. 11, OSCILLOGRAPH. 





November, 1930 issue of this publication con 
tains the following articles: The Toronto Water 
Works System; 
of Cities Total 100 Millions; Winchester, 
Virginia, Water System; Hard Times, Drought 
and Unemployment;Why Los Angeles Voted 
$38,800,000 for Water and How It will be 
Spent and Coffeyville Water System. Pitts- 
burgh Equitable Meter Co., 400 Lexington 
Ave., Pittsburgh, Pa. 

MICRO-METALLOGRAPH. Cat eoune 
No. 1057, second edition, 44 pages includes 
horough and detailed description of the new 
micro-metallograph. FE. Leitz, Inc., 60 East 
10th St., New York 

AUTOMATIC CONTROLLERS. Two small 
paaeenes, one showing how steel plants are 

roducing better products, and the other how 
glass plants are producing better ware, because 


of the L & N Automatic Controll rs. Leeds 
& Northrup Co., 4901 Stenton Ave., Philadel 
phia, Pa. 

ELECTRICAL MEASURING INSTRU- 


MENTS. A folder illustrating the increase 
in the industrial use of electrical measuring 
instruments. The growth of the L & N plant 
from 1906 to 1930is shown. Leeds & Northrup 
Co., 4901 Stenton Ave., Philadelphia, Pa. 

GROUNDMETERS. Bulletin No. 120 de- 
scribes and illustrates some important charac 
teristics of earth electrodes determined by 
groundmeter measurements. Borden Electric 
Co., 480 Broad St., Newark, N. 

VISCO-METER. A booklet _ entitled,—a 
practical test for viscosity, which describes the 
uses and advantages of the visco-meter. Visco 
ow Corporation, 315 Grote Street, Buffalo, 

ELECTRIC TIME SWITCHES. A cir 
cular describing the Jewell Electric Time Switch 
designed especially for large users of electri 
time switches, such as, power and light com 
panies, outdoor advertising companies and 
national chain stores, as well as small users 
Time Switch Sales & Service, 1841 Euclid 
Avenue, Cleveland, Ohio. 

AUTOMATIC TIMERS. Circular describ 
ing the Walser Automatic Timers which ar: 
ised in the household, machine shop, factory, 
and anywhere where interval timing is required. 
Walser Automatic Timer Co., 1841 Euclid Ave 
Cleveland, Ohio 

IGNITION TESTER. Forms 130 and 131 
lescribe the Mallory ignition tester for testing 
oils, condensers, distributors, synchronizing 
ontact points and accurately testing the 
ignition governor. Mallory Electric Corpora- 
tion, Toledo, Ohio, 


Water System Improvements 


titled, Cathode Ray 
following two arti 
Ray Instruments in the 
by O. Ackermann, an 
Ray QOscillograph Equi 
Electric & Mfg. Co., 

COMPARATOR. clet 
scribing the slide ymparator for colorimetri 
pH control. W. A. Taylor & Co., In 
Linden Avenue, Baltimore, Md. 

GALVANOMETERS Circulars 205a-G 
97-1130 describes and illustrates lecture 
lamp and scale for galvanometers. Leeds & 
Northup Co., 4901 Stenton Avenue, Phila 
delphia, Pa 

FIRE-CONTROL. A leaflet show the- 
[ype S-32 fire-control used on oil or gas burn 
ing boilers and industrial furnaces, it is 
electrically operated. General Controls, 241 
Tenth St., Oakland, Calif 

METER. Bulletin 985A describes the opera 
tion and uses of the moisture meter a 
i ue —t Co., Park & Nostrand Aves., 
Brooklyn, 

MANOMETER. A 47 page pocket booklet 
entitled “‘The Manometer and Its Uses," by 
J. B. Meriam. Meriam Co., 1955 West 112th 





Street, Cleveland, Ohio 
HEATING. Catalog 247, a new publication 
covering industrial heating equipment It has 


100 pages which includes operating data, charts 
tables and installation photographs, also specifi 
cations and illustrations of industrial heating 
equipment. Westinghouse Electric & Mfg. Co 
East Pittsburgh, Pa. 

FLOW METERS. Type “E" Bulletin No. 7 
entitled, ‘‘Meriam Made Instruments,"’ de 
scribes and illustrates the various instrument 
made by. The Meriam Co. 1949 West 112th 
St., Cleveland, Ohio 

VISCOSIMETER. A leaflet describing a 
quick-reading viscosimeter \katos, Inc. 114 
Liberty St., New York, N. Y 

THERMOMETRIC LAG, is the title of a 
15 page booklet. The data contained herein is 
taken from a paper on thermometer lag by 


1 





Harper (Bureau of Standards Bulletin, Vol. 8 
1913). be & Zambra, 38 Holborn Viaduct 
London, E. ¢ England, 

FLOW CONTROL, Bulletin No. 170 
describes and illustra flow controllers, their 
uses and operation. Foxboro ¢ Foxboro 


ass. 

SPERRYSCOPE. Vol. 6 No. 4 of this 
publication contains various articles on the 
Sperry Gyroscope, also other articles of interest 
Sperry Gyroscope Co., Inc. Manhattan Bridge 
Plaza Brooklyn, N Y. 
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ony age ph he seadagin ly gb anette Publi 
i No describes and illustrates precision 
nstrument and gaging devices. Comtor 
Company, Waltham, Mass 

EDMOORE. Bulletin No. 20 describes how 
the Edmoore Power Demand Limitator reduces 
operating costs by controlling electric power 


demand. Power Control Corp., Syracuse, N 


PHOTOELECTRIC RELAY Bulletin No 
124 describes No. 1281 photoelectric relay which 
is a complete, electrically operated switch 
controlled by a beam of light. G-M Labora 
tories, In Grace ind Ravenswood Ave 
Chicago, Ill 

PROTECTIVE UNIT \ circular describ 
ing an automatic excess temperature cutout 
which is a protective unit for furnaces. Hevi 
Duty Electric Co., Milwaukee, Wis. 

STARTERS & CONTROLLERS. Bulletin 
64 (revised) March, 1929 describes the poly 
phase motor speed controllers for use with slip 
ring motors in which the maximum voltage 
between sliprings does not exceed 320. Ward 
Leonard Electric Co., Mount Vernon, N. ¥ 





MAGNET VALVES. A circular dated 
November 1930, describes and _ illustrates 
solenoid operated magnet valves, heavy duty 
relays and contactors, automatic transter 


switches, remote control switches solenoids. 
Automatic Switch Co., 154 Grand St., N. Y 
VIBROSCOPE. A leaflet describing and 
illustrating the vibroscope model-3, which is a 
simple portable instrument for studying the 
behavior of rapidly moving machine parts, 
while actually in motion, Electrocon Corp. 
6 Varick St., New York. 
PSYCHROMETERS. A circular describing 
the Teltru) psychrometer, which tells the 
temperature-humidity accurately, quickly and 
easily. E. Vernon Hill Co., 121 N. Clark St., 
Chicago, Ill 
THERMO REGULATOR. File, No. 30f2 
describes and illustrates the adjustable mercury 
thermo regulator Struthers Dunn, I 
139 North Juniper St., Philadelphia, Pa. 
MOTORS. A 16 page publication designated 
as circular 1883 covers the various types of 
small power motors It also contains many 
illustrations showing construction details of the 
motors, and their applications. Westinghouse 
Electric & Mfg. Co., East Pittsburgh, Pa 


THE GRAPHIC. No. 11302 of this publi 


cation contains the article entitled, High 
Speed Graphic Meters on a Modern Power 
System Esterline-Angus Co., Indianapolis 
Ind 


INDICATING THERMOMETERS. Bul 
letin No. 20 describes indicating thermometers 
used to provide an accurate, reliable instrument 
which is suitable for general industrial applica 
tion. The Dickson Co., 7420 Woodlawn Ave 
Chicago, Ill 

LINE SWITCH. \ new leaflet describing 
the construction, advantages and uses of the 
type UM-2 electro-magnetic line switch for 
protecting equipment in electric railway service 
Westinghouse Electric & Mfg. Co., East Pitts 
burgh, Pa. 

STRAIN GAGES. A booklet describing 
strain gages with accessories and other special 
ties. F. F.Metzger & Son, 2600 N. Sixth St., 
Philadelphia, 

AMPLIFYING EQUIPMENT. A booklet 
describing amplifying equipment for education- 
al and commercial requirements. Ferranti, In 
130 West 42nd St., New York. 

VALVES. An 8 page leaflet describing air 
and vacuum valves. Jas. P. Marsh & Co 
551 Fifth Ave., New York. 

FOG HORN. No. 62, December 1930 has 
the article, ‘‘The Synthetic Fibre Trend” by 
Harold DeWitt Smith Parks-Cramer Com 
pany, Fitchburg, Mass. 
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~ ~ > ay \ : 
NIAGARA METERS el ¢ 
Niagara Meters measure any liquid not . \ %” 

chemically destructive. Use them for 
accurate automatic measurement in 
place of gaugesticks, measuring tanks 
and other makeshift means. Eliminates 
exposure of liquids to contamination 
and fire hazard. Also for accurate keep 
ing of cost and inventory records. Send 
for complete ‘nformation. 


BUFFALO METER CO. 
2609 Main Street, Buffalo, N. Y. 



























MoM red SERVICE Double Pole Platinum- 


PHONE WIRE OR 


WRITE --- Contact Pyrometer 


1 | Switches and Dust- 
| ah i Proof Cabinets. 
CLAUD S.GORDON. Co. Write for Bulletin 430 
PYROMETER 


SPECIALISTS Senet 


CHICACO 





708 MADISON ST. HAYMARKET 4983 Claud S.Gordon Company 
**The House of Service” 
Chicago Cleveland Indianapolis Established 1914 


Ja li, Ml, li, Ml. Ml, Ml, Ml, 4 





Automatic Control Equipment 


Devices for the Regulation of 


TEMPERATURE CHEMICAL ANALYSIS 
PRESSURE TIME CYCLE 
LEVEL FLOW 





Special Controllers to Meet any 
Control Problem 


Automatic Temperature Control Co. "Pema: 














Madison Avenue at W. 112th Street 
Cleveland, Ohio 
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CURRENT LITERATURE REVIEW 


Abstracts on instruments and devices for measurement, inspection and contro! 





The Technology Department, Carnegie Library, Pittsburgh, Pa., will furnish photostats of mat 
here. Negative prints are 35 cents per page, plus 10 cents for mailing (first class). Al 
paid in advance The library is not responsible for loss in mail 

















GENERAL 
Motor-Vehicle Performance indicating and Recording Devices. Carl W. Stock 


Journal, Nov. 1930, pages 529-540, 552; Discussion 5 
; 








The author's purpose is to enlist greater interest frot manufact rs in the d 
more substantia! instruments and to point out how these instruments can be used b 
motor-vehicle operators. Dividing such instruments into two groups, he sketches 


for the solving of specific problems relating to their use and then describes devices w! 


operation. Certain instruments intended as a check on operation and designed to furt 











information through the me im of charts or tapes are commented upon, as well as de 
primarily designed to assist “the driver in the more intelligent operation of his vel 
types of recording devices now available are analyzed, and descriptions are given wl 
the benefits derived from their usag« rhe reliability of speedometers in general is d 
excessively expensive maintenance methods are applied to th The author then 
other motor-vehicle carriers are doing to maintain conventional-type speedometers in 


uled, and to 
citing the inf 


yt to secure 





good working order, on what mileage basis such instruments are overh 
other types of speed-indicating or mileage-recording devices are use« 
obtained from a questionnaire issued by Bus Transportation in an atte 

I He mentions other types of instrur including tachometers, states their 
ivantages, and advocates the development and use of a device to count engine 
ly, these data to be used in preference to reckon the life of an engine and itsa 
accessories in terms of vehicie mileage opal nan words, the author es the de\ 

















iccurate engine-revolution counter and the rating of engine performance by engine revo 
Radiation Measurements with Electrical aire dee Strahlungsmessungen mit W 
Messinstrumente Elektrotechnische Zeitschrift, May 1, 1930, pages 643-644 
A new arrangement of Gans & Goldschmidt is described which uses a photo-cell an 






suitable to measure objectively withou influence of the human factor. Ther 
the photo-cell ionizes the latter and ts an electric measuring instrument conn 
The apparatus can serve as photometer, luxmeter, intensity meter, optical pyrometer, f 
of X-ray tubes, and ilso as colorim eter H. 
Adapting Instrument Control to High-Pressure > Ope ration. Chemical & Metallurgical } 
Sept., 1930, pages 582-590 

One of the feature articles in the special 
monthly “Control instrumentation in the high-f 
reached the degree of refinement encountered lo 
published of special instruments, 2 of which are commercial, 
pron sing ex] erimental instruments are reporte lin the 
jn the article, the others discussed being temperature, flov 


LENGTH, AREA, VOLUME 












sure 5 tha cee 
ight, und gas anal 












Dimensional Changes Caused in Glass by Heating Cycles. A. Q. Tool 
Merritt. Bureau of Standards Journal of Rese irch, Sept. 1930, pages 627 

In obtaining expansivity curves for a med 1 flint glass, samples of the ¢ 
had previously received one or another of different h reatmen I 
heating cycles were employed which mad e to determi e magnitude « 
‘permanent’ changes in length which are 1er by t iling or the 
which may result from the heat treatment on the gla the heatin 
Annealing Cocsentes the length and specif ume, while disannealing increa t 
shown that these effects are related to certain ice-point shifts observed in thermomet 


other effects sometimes observed in vari ) pes of glassware. 

Experiences with the Krupp Test Stand for Measuring Locomotive Wheels. Furt 
tions of the Krupp Method. Erfahrungen mit dem Krupp-Messtand zun Na 
Lokomotiv-Radsaetzen und weitere Anwendungen des Krupp-Messverfahrens 





Krupp'sche Monatshefte, Aug. 1930, page 
The illustrated article deals with recent experiences of the Krupp method for measuri 
ness of locomotive wheels. The method has bee n adopted as a standard testing equip! 

German Federal Railway Administration.—G. ! 
Cinematographic apparatus for Special Purposes Filmaufnahmegrate fiir Sonderz 
Isermann, Zeitschrift Verein deutscher Ingenieure, Sept. 27, 1930, pages 1363-1366 
A few new apparatus are described and illustrated for slow speed motion pictures, ti! 
pictures, and a tube camera to fix cinematographically i.e. the behavior of ropes i 





or of the inner walls of pipes. One instrument permits 5000 exposures per second wher 

film can be used; and this principle has lately lead to 100,000 exposures in 1 second. The 

uses a multiple objective for 28 individual pictures of 15.4 mm? size. A few very interest 

cameras are explained for photographing continually and from different sides. , 

Tools and Measuring Instruments (Werkzeuge und Messgeraete). Munke. Zeitschtr 
deutscher Ingenieure, Sept. 13, 1930, pages 1253-1257 





Description of a few novelties shown at the Leipzig spring fair. A new shape of mill 
been developed based on research on milling processes. Some new chucks and shapes 0 
are described and other special tools for high-speed cutting of light metals. Further, v 
quick-movement two-part and three-part chucks with pneumatic gripping devic: Inst 
for absolutely exact testing of tooth-flanks, gages, vernier arrangements for measuring 
angles are described and illustrated.—H. A 
A Novel Arc-Compass (Ein neuartiger Bogenzirkel). Allgemeine Vermessungs-Na 

Oct. 8, 1930, pages 647-650. 

An instrument for the drawing of arcs of very large radius without the aid of Fr 

Made by Max Wolz, Bonn.—H. 
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ABRASION TESTERS 

ACIDITY RECORDERS 
Leeds & Northrup Co. 
Rubicon Company 

ACOUSTIMETERS 
Burgess-Parr Co. 

AIR FLOW INDICATOR 
Brown Instrument Co 
Foxboro Co. 

Meriam Co. 

AIR METERS 


Foxboro Company 


Me oriam Co. 

Taylor Instrument Co 
ALIDADES 
ALTIMETERS : 

Tagliabue Mfg. Co., C. J 
AMMETERS— Indicating 


jeneral Electric Co. 

seneral Radio Co. 

Jewell Electrical Instrument Co. 
Rawson Elect. Inst. Co 
Westinghouse Elec. & Mfg. Co 
Weston Electrical Inst. Corp 


Recording 
Bristol Company 
Esterline-Angus Company 
General Electric Co. 


Tagliabue Mfg. Co., C. J 
ANEMOMETERS 


Bristol Co. 3 
Taylor Instrument Come 


ARMATURE TESTING EQUIP- 
MENTS 


nies 


Westinghouse Elec. & Mfg. Co. 
Weston Elec. Inst. Corp 


ASPHALT TESTING APPA- 
RATUS 


Tagliabue Mfg. Co., C. J 
ATTENUATION NETWORKS 


General Radio Company 


AUDIO-FREQUENCY OSCIL- 
LATORS 


General Radio Company 


BALANCES 


Alfred Suter 








BAROMETERS—Aneroid Mer- 
curial, Recording 
Bristol C ompany 
Tagliabue Mfg. Co., C. J. 
Taylor Instrument Companies 
BATTERY TESTERS 
Westinghouse Elec. & Mfg. Co 
Weston Electrical Inst. Corp 
BEARING TESTERS 
Burgess-Parr Co. 
BOARDS: INSTRUMENTS 
Foxboro Co 
BRAKE TESTING METER 
Leeds & Northrup Co 
BRIGES, ELECTRICAL 
Capacities, Conductivity, Hoopes, 
Inductance, Kelvin, Resistance, 
Temperature, Wheatstone 
General Radio Co. 
Leeds & Northrup Co. 
Rubicon Company 


CABLE TESTERS 
Leeds & Northrup Co. 
Rawson Elec. Inst. Co 


CALORIMETERS 

Peroxide, Oxygen Bomb 
Burgess-Parr Co 
Geertner Scientific Co. 


CAPACITANCE METERS 
General Electric Co 
General Radio Co 
Leeds & Northrup Co. 
Rubicon Company 
Weston Elec. Inst. Corp. 


CARBON DIOXIDE METERS 
Brown Instrument Co. 
Foxboro Co 
Leeds & Northrup Co 
Tagliabue Mfg. Co., C. J 
CARBON MONOXIDE MET- 
ERS 
Leeds & Northrup Co 
oldies Mfg. Co a 2 


CATHETOMETERS 


Gaertner Scientific Corr 


a * aaa INSTRU- 
Al ie e iter 
CHRONOGRAPHS 


Geertner Scientific Corp 
Leeds & Northrup Co 
CHRONOMETERS 
agliabue Mfg. Co., ¢ J 
CLOCKS—Gage wy 
Brown Instrument Co 
Bristol Company 
Foxboro Co 


CLOUD & POUR TEST APPA- 
RATUS 


Taglisbue Mfg. Co., C. J 
COILS 

Resistance, jndiustenee, Special. 
eneral Radio 


Hardwick Hoadic Inc 
Leeds & Northrup Ce 
Rubicon Company 


ep TESTING EQUIPMENTS 
eeds & Northrup Co. 
Re bicon Company 
Westinghouse Elec. & N 
COLORIMETERS 
Spencer Lens Co 


Tagliabue Mfg. Co., C. J 


CON ors ernie. 
EQUIPME 


Png nt ( 


Afg. Co 


ontro!l Co 
inc 

Brown Instrume 

Ilinois Testing Labs., Ir 


Leeds & Northrup ¢ 


COMMUNICATION _ MEAS- 
URING INSTRUMENTS 


General Radio Company 


nt Co 


COMPASS 
Taylor Instrument Companies 
COMPARATORS 
¢ mes Co 
Fe Jeral Products Corp 
Geertner Scientific Corr 


General Electric Co 














RECORDING CHRONOGRAPHS 





as they 


These Chronographs have be- 
come widely used in Research 
and Industrial Laboratories 


‘an be adapted for 


practically any time record- 
ing requirements. 


Catalog B sent on request. 


THE GAERTNER SCIENTIFIC CORPORATION 


1201 Wrightwood Avenue 
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Chicago, U.S. A. 
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A Novel Machine for Dividing Circles (N kK hin M 


S-204 


Description of a machine made f Alfred Y. Amsler & (¢ Schaffl sen (Sw 
1utomatically makes cit r divisions of angle-measuring in iments up to 600 
The Theory of the Planimeter (Die Theorie d Planimeter K. Trot M 

1930, pages 240-241 
\ short det n of the oO f opera H. A 





1930, pages 1016-1017 



































I tool cor f an aluminum frame holdir t strips of | yr 
0.175 mm. (0.007”) thickness rhe strips are lightly pre | iinst t profile 
themselves exactly as the contour then the ire fixed in this position by se \ | 
1ade in widths up to 300 mm. and heights up to 190 mm; E. Walterin Berlin-W 
turer H. A 
Instruments for Measuring Distances Between Holes (Messgeraecte zur Bestim: 
ibstanden Zeitschrift Feinmechanik & Praezision, Oct. 31, 1930, pages 8-9 
rt instrument i iliper-torm, made by Alig & Baumegirtel, Aschaffenburg, Gert 
to me ire directly the distance from center to center of 2 holes: the leg t hap 
one tr 1 connected to the gage is inserted in 1 hole nd the rw 1 in 
moved unti: it fits exactly the other hole H. A 
High-Frequency Ultra-Micrometer (Das Hochfrequenz-Ultramikrometet L. R 
trotechni Zeitschrift, May 15, 1930, pages 717-718 
Ihe instrument is to b ed for r rement of smallest change of 
the distance of conden plat I pondin hange i 1 
th t t and if another I t of 10Wn fr per ) 1 fer 
marie lible by a sound rator.—H. A 
Adjustable Pin Gage. A. J]. Wormwood Ma ner June 1930, pa 798-799 
Describes and illustrates a pit ize ed in place of more expens p gas 
d for “Go” and ‘‘Not Go” g 3 e gages have been usedfor m I 10 
119” to 2” by 14” steps, and from 2” t ps.—R. H. P 
Gages for Checking Woodruff Keyways. W.N. Delenk Machiner Aug. 1930 
Illustrates a iefly describes gages for checking the depth of t keyway, t 
ot 2 keyw » each other rc lista fro ho le 
the keyway, and king the ta f nd of haft 
x mF 
Gage for Grinding Threading Tools Arthur Kend Machinery, Sept. 1930, p. 1 
Gage is circular Made from a piece of 4%” sheet steel Hole in center is bore 
tool rest Four V-slots for 1e 1X of threading tools ar itinits perip 
cut to different depths toa date inside t iding to flere ( R.H.P 
Indirect Volume Finder. Lawren Hodges. Chem & Metallurgical Engin 
1930 page 180 
Describes a method of determining the volumes of yntainers, which mak l ot B 
in an apparatus in which the container is placed under pressure by means of A I 
Effects Large-Savings by Chromium Plating Gages and Tools. I: I Rey I 
page 62 
From Ford News, Jan. 15, 1930. Ford Motor Co. has applied hard Cr plate to 
rts resulting in important savin in time and cost Plat iges former gi 
d operations, now ve 218 hr while costs have been reduced mor 
which, before plating, could be used only 1300 time 1 be ed more t s 
Ga ire tested and cl K¢ M.S 




















Describes in detail and with illustrations the construction of ga st of 
with adjustable and revolving cross rod Chucks taken from co rcia Lv 
the end of this .rod hese chucks hold linary needles w h may be remov ) 
or replaced as necessar mh .F 
Lip Clearance Gage. A. P. Giviozdowsk American Machinist, May 22, 1930 
rhree things to watch in grinding dri ire: 1. Lip clearance, 2. The location of tt 
in relation to the center line of the drill, 3. The angle of the lis Tr} 
measures these fa yr Gaging the dr ind grindi per reases th f 
R. H. P 
A Large Height Gage. Hans Goldschmidt I i Ma nist, June 5, 1930, p 


For taking dimensions, checking clearances, etc. from parts high 








rdly accessible on a yunt of machiner Three straight-e« n tre rdwo 
tiled into each other, s le and stay put at any point I i iay be fixed 
between 7 and 15 fe sare graduated, and plainly marked so figut I 
feet rhe smaller member cross arm graduated in inches R. H. P 





SURVEYING 
The Cine-Theodolite. Rene Leonhardt Engineering Progress: July 1930, pages 183-18 















An instrument for recording the line of flight and the velocity of aircraft Ordinary 
is unsuitable due to rapidity of flight and subsequent difficulty in focusing This isa 
of a cinematograph and a theodolite For observations 3 are used The object is focuss 
a telescope Parallel to this is the telescope through which the object is phot aphe 
jective contains a mirror system of great intensity and fox lengtl Phe object i 
cinematograph film Five photos may be taken per second Phe ) ra register 
height and the azimuth angle of the scope also photographs the dial of a clo 
the exact time of observatior The nstruments are checked against each other R 
Sea-Level Determination without Calculation ohne Re n G. Lip 

vermessungs-Nachrichten, Oct. 8. 1930. pag 647 
Describes a new method to determine the | sea ta ti 





ransit-readings by means of a special levelling rod H.A 




















CONDENSER LEAKAGE RE- Humidity & Temperature 


CORDERS 
rline-Angus Company 
Leeds & Northrup Co 
CONDENSERS Electrical 
seneral Radio Co. | 
eeds & Northrup Co 
Rubicon Company 
CONDUCTIVITY METERS 
Indicating. Recording, Controlling 
terline-Angus Company 
4s & Northrup Co 


CONCENTRATION RECORD- 
ERS 


Esterline-Angus Company 
Leeds & Northrup Co 


CONSTANT SPEED & FRE- 
QUENCY SETS 
Leeds & Northrup Co 


CONTOUR MEASURING PRO- 
JECTOR 
Bausch & Lomb Optical Co. 
CONTROLS, AUTOMATIC 


Condensation 
Tagliabue Mfg. Co., C. J 
Damper 
Automatic Temp. Control Co 
Bristol Co 
Brown Instrument Co 
Foxboro Co 
Leeds & Northrup Co 
Minneapolis Honeywell Co 
Tagliabue Mfg. Co., C. J 
Demand Pressure 
Foxboro Company 
Feed Water 
Brown Instrument Co 
Foxboro Co. 
Meriam Co. 
Filter Rate 
Brown Instrument Co 
Foxboro Co. 
Meriam Co. 
Flow , 
Automatic Temp. Contro! Co 
Brown Instrument Co. 


Foxboro Co. 
Meriam Co 
Gravity 


Foxboro Co 

Tagliabue Mfg. Co., C. J 
Humidity _ 

Bristol Company 

Brown Instrument Co 

Foxboro Co. 

Claud S. Gordon Co 

Leeds & Northrup Co 

Tagliabue Mfg. Co., C. J 

Taylor Instrument Companies 


Bristol Company 

Brown Instrument Co 
Charles Engelhard, Inc. 
Foxboro Co 

Claud S. Gordon Co 
IHlinois Testing Labs., Inc 
Leeds & Northrup Co 
Minneapolis Honeywell Co 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 


Liquid Level 
Automatic Temp 
Bristol Company 
Brown Instrument Co 
Esterline-Angus Company 
Foxboro Co 
Claud S. Gordon Co 
Illinois Testing Labs., Inc 

Meriam Co 


Tagliabue Mfg. Co., C. J 


Pressure & Vacuum 
Automatic Temp. Control Co 
Bristol Company _ 
Brown Instrument Co. 
Esterline-Angus Company 
Foxboro Co. 
Claud S. Gordon Co 
Meriam Co. 
Minneapolis-Honeywell Co 
Tagliabue Mfg. Co., C 
Taylor Instrument Companies 


Control Co 


Pyrometer 
Bristol Company 
Brown Instrument Co 
Claud S. Gordon Co 
Ilinois Testing Labs., Inc 
Leeds & Northrup Co 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 


Rate-Volume 
Foxboro Co. 


Refrigeration 
utomatic Temp. Control Co 
Bristol Co. 
Brown Instrument Co 
Leeds & Northrup Co. 
Taylor Instrument Cos. 
Westinghouse Elec. & Mfg. Co 
Special 
Automatic Temp. Control Co 
Leeds & Northrup Co. 
Minneapolis-Honeywell Co 
Rubicon Company 


Tachometer 
Brown Instrument Co 
Esterline-Angus Company 
Foxboro Co. 
Claud S. Gordon Co 
Weston Elec. Inst. Corp. 
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Temperature-Time 
Automatic 


Bristol Co 


emp. Control Co. 

Brown Instrument Co 

Foxboro Co 

Claud S. Gordon Co 

Illinois Testing Labs . 

Leeds & Northrup Co 

Tagliabue Mfg. Co., C. J 

Taylor Instrument Cos 
Thermometer 

Bristol Company 

Brown Instrument Co 

Foxboro Co 

Claud S$. Gordon Co 

Illinois Testing Labs., In 

Leeds & Northrup Co 

Tagiiabue Mfg. Co., C. J 

Taylor Instrument Companies 
Thermostat 

Bristol Company 

Brown Instrument Co 

Foxboro Co 

Claud S. Gordon Co 

Minnespolis-Honeywell Co 

Taylor Instrument Companies 

Westinghouse Elec. & Mfg. Co 
Thickness 

Esterline-Angus Company 
Time 

Automatic Temp 

Bristo! Co 

Brown Instrument Co. 

Esterline-Angus Company 

Foxboro Co 

Claud S. Gordon Co 

Illinois Testing Labs., In 

Tagliabue Mfg. Co., C. J 

Taylor Instrument Cos 
Unit Heater 

Minneapolis-Honeywell Co 
Vacuum 

Bristol Company 

Brown Instrument Co 

Esterline-Angus Company 

Foxboro Ce 


Gordon Co 


Inc 


Control Co 


oO. 
Tagliabue Mfg. Co., ¢ 
Taylor Instrument Cos 
Valve—Motor Operated 
Automatic Temp. Control Co 
Bristo! Company 
Brown Instrument Co 
Foxboro Co 
Claud S. Gordon Co 
Minneapolis-Honeywell ¢ 
agliabue Mfg. Co., C. J 
Taylor Instrument Companies 
Water Level 
Bristol Company 
Brown Instrument Co 
Esterline-Angus Company 
Foxboro Co 
Tagliabue Mfg. Co., C. J 








Electrical Measuring Instruments 


for use at communication frequencies (0 to several million cycles per second) 
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CAMBRIDGE A, 








Frequency Standards - Tube and Tuning Fork Oscillators - Resistance Boxes 
Bridges - Calibrated Inductors - Variable Air Condensers + Voltage Dividers 
Attenuation Networks + String Oscillograph - Thermionic and Oxide- 
Rectifier Voltmeters - Accessories: Rheostats, Transformers, Relays, etc. 


GENERAL RADIO COMPANY 


Manufacturers of Electrical Measuring Apparatus 


for Laboratory and Industrial Use 


MASSACHUSETTS 
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LIQUIDS 


Flow Tests on Float Measuring +2. Stromungstechnische Untersuchun 
mermessern). G. Ruppel & K. J mpfenbach. Zeitschrift Verein deutscher | 
Aug. 23, 1930, page 1184. 

An inve stigation into the influence of viscosity of the liquid on the position of the fl 

of constants have been taken in numerous tests and calibrations with water, oils and stea 

Comparative Measurements of Water in Nw Power Station of Lake Walchen (Verglei 
messungen am Wal -nseewerk Kirs eitschrift Verein deutscher | 
April 26, 1930, pages 521 

The lack of a — r 


















rivers, channels, turbine pipes, et 1used the ( rf 
operation with the Bayernwerk other fir 1etho 
velocity method, the propeller ethod Gil 
The arrangements and instruments are describe tf 
water-flow and — efficiencies, the difference 

guaranties which are usually given nowad 

refore be stipulated 8 references H. A 
Oil Meter Notes. H L. Kaufmar Industri 





A brief discussion of volumetric meters for ga 


GASES, AIR AND STEAM 

Measurement of Flow of Coke Oven Gas. J. M. Spitzglass. Fuels and Furnace J 

From paper rez ad before the Association of Iron & Steel Electrical 1 ngineers at \ 
Ohio. Discusses density factor of a gas at varying conditions of flow, and describe 
simplifying the process of flow measurement in connection with coke-oven gas M.S. 
Determining Air Flow in Agitation Problems. H. L. Kaufman. Chemical & Metall 

gineering, March 1930, pages 178 180 
Prese nts charts and me thods of calculating relations of flow, velocity and pipe diamet 


of flow, pipe diameter, and s ction loes; and the flow through orifices of various diamet 
In. at pressures up to 10 lb. —M S 
Meter Prover for Very Slow Rates of Flow. A. Lawrence Hodges. Chemical & Met 


Engineering, May 1930, page 319 


Apparatus for calibrating gas meters consists of a calibrated brass cylinder attached at 


by means of glass tubing and metal pipe to the meter under test. A second glass tube 
to the bottom of the cylinder leads to the bottom of a cistern of smaller diamete \ 
float carrying the submerged end of asiphon. A stop-cock or pinch-cock at th 
siphon is used to adjust the rate of flow. Explains method of operation.—M. S. 


} 








ELECTRICITY 
New Method for Testing Varnished Cloth Tape. Warren Master. Electrical World, 
1930, page 534. 
The research bureau laboratory of the Brooklyn Edison Co. has developed a new 





preparing varnished cloth tape for dielectric strength tests. The problem of sealing tl 
narrow types against flashover has been solved without the use of materials detrime 
varnish film. Two pieces of rubber tape are placed side by side about 7” apart, the 





angele along x the space between them, using slight pressure on the ec 3 I 
to insure pees SoS rubber. Another length of rubber is applied along each edg LI 
on top - the lower abhes tapes. After alignment of the t DES, they are firmly pressex 
and seal the edges of the sa l Putting the sepa des of the rubber toget 

maximum fusion. The apparatus employed and the modified A. S. 
position with electrode in place are illustrated also the method of testing the varnishe 


H. B. 








Apparatus for the Measurement of High Constant or Rippled Voltages. L.S. Taylor. | 


Standards Journal of Research, Se pt. 1930, pages 609-618. 

An improved form of high resistance to be used as a high-volta; 
to 150 kv. is described. The total resistance is 100 megohms, de 
one hundred 1-megohm resistors in 20 corona case containing 
being mounted in series on top of each other. The comy 
calibrating the resistance under full-load conditions are des« ss 
sary corrections, to give a maximum error in high-voltage measurement of 0.01 per cent 
A new type of high-voltage string electrometer for use in connection with the resist 
described 
Note on the Electrical Resistance of Contacts between Nuts and Bolts. F. Wenner, G 


voltmeter multiplier f 
ened to be 










baum & B. C. Cruickshanks. Bureau of Standards Journal of Research, Sept. 193 


404-406, 
Measurements were made of the electrical resistance between nuts and bolts, using tw 
different types of threads, the American National and the Dardelet, and different materi 


test specimens were three-fourths inch bolts of copper, brass, bronze, and steel with nuts of t 
mz terials. The resistances between nuts and bolts were measured with stresses in thi 
applied by turning the nuts, in the range from near zero to well toward the elastic limit of the 


ials. It was found that the contact resistance is ueually less than a l-inch length of bolt 


under similar conditions the resistance of » Dardelet thread is, in general, not more tha 


fourth that of the American National thre Ms The 





resistance is about 10 microhms, which is the resistance of about an inch length of the bod 


it 


bolts. The minimum resistances found were re copper bolts having Dardelet threads. F* 


with a stress of 6,000 or more lbs./in.? in the bolts, the resistance is of the order of 0.02 1 


which is the resistance of about one sixty-fourth inch length of the bolts. 


A Double-Range Electrostatic Voltmeter for 200 Kilovolts. Harry Clark. Review of S« 


Instruments, November 1930, pages wren 620. 


The electrostatic voltmeter described in this paper consists, from an electrical standpoint, 


meters which may be used in series or in parallel. Mechanic ally , however, it is essentially 
meter, since it contains only one moving part. With the parallel connection voltages bet 
and 100 kv me ay be measured to within .l of 1%. With the series connection and voltages 
100 and 200 kv.(one half on either side of erouni 1 the halves fairly well balanced) the error 
exceed 0.1 of 1% 


3; bet 


ne 


1m resistance found were for ste¢ 
having the American National thread. For these with a stress of 2,000 lbs./in.? in the | 
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The Properties of Sputtered Metal Resistors. L.C. Van Atta Review of Scientific I 











November 1930, pages 687-690 Pressi 
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Accurate Method of Measuring Transmitted Wave Fre quencies at 5, 000 and 20,000 Kilo Ts 
Second. FE. L. Hall. Bureau of Standards Journal of Research, Sept. 1930 fis 





The measurement of the frequency of a radio transmitting station offers a convenie 









































intercomparison of frequency standards While there have been several article 
with station frequency measurements, these have, for the most part, cons 
broadcast band or lower Phis paper describes a eBaeriter of meas f 
plicable to any frequency, but dealing primarily with frequencies of 
A high order of precisi« yn is obtained b the use of harmoni ‘ io-freq 
Most of the units of the equipment employed have been previously ibed it 
other applications. . 
Thermo-Wattmetric Measurements of Losses in Large Capacitors (Thermowattmetr ; 
messungen an grossen Kapazitaetet G. Zickner & G. Pfestorf. Report of t Press 
Technische Reichsanstalt Elektrotechnische Zeitschrift, De 4, 1930, pages 168 2 
he usual method of measuring very ner fail at very low power f 
comparatively large currents occur i eter as recent! f 
P. J. Kipp & Sons has proved to be of nstr ent ) f 2} 
which are heated by 2 branches of the i: th re sur! 1 
couple i nnected in opposi e (mirror van ‘ yy, 
pert 1 therefore no defi ras k is no cur! 
as soon as a current i iti disturb 
ference in the e. m. f mn of the galva eter 
of the instrument is der por to tl Profi 
onstant of the instru ost a ly ‘ 
from the straight lin t rt tion of t 
described and a few rument i the « Rain 
readings ; 
Electrical Voltage Regulation by Means of Carbon-Pressure Resistors (Die elek é Rec 
regelung mittels Kohledruck-Widerstaenden Hugo Grob Elektrotec! . 
Dec. 11, 1930, pages 1717-1720 
After a discussion of the property of n to cl ge its contact resistance from one I ; 
to another greatly by varying pressure between th indamentals and 
for voltage regulation by means of stacked carbor wl can be cor se 
are described and several types of such regulator ited H. A Stra’ 
New Indicating and Recording Methods in Remote <vonay-ro 4 * = Ne \r rn 
Registriermethoden in_ der Fernmesstechnik Valter Stert techr I Z 
Jan. 16, 1930, pages 77-80 
It is shown in which way remote meas sta ons can be bined with r Test 
installations In connection herewith, a new method is described to r rd lu 
sum of energies for feeder lines; the diagram of the total is automatically recorded H 











Voltage Measurements with Spark-Gaps between Spheres in Air (Spannungsmess , 
ugelfunkenstrecke in Luft W. Estorff, Max Toepler, Siegfried Franch Elk 
Zeitschrift, May 29, 1930, pages 777-7 
At the instigation of the International | ssion experiments have beer 
define more accurately the formula of Peek ibration of gap ( Vo 
crepancies were nated and a new calib is p f if 
in air varying from a diameter of 2 to 50 c1 es I ‘ nd tl 





curves and mathematical development exp 

Arrangement for Testing and Measuring High- Tension Installations (Einrichtung zum Pr 
Messen von Ho hspannungsanl igen K aeuber Elektrot hnische Zeits It 
1930, pages 1125-1128 





A test installation is described \ ed ont € ed sections of the Gert S 
roads, but can be used in any othe sion t, for mea hort-cir t,2 
inductive and capacitive loads, leak due to faulty insulation ting of faults 
tension by means of a transformer H. A = 


Advancement in Cathode-Ray Oscillographs by Continuous Operation with Metallic Discharg: 
Tubes and by Exterior Photography of Phenomena of very short Duration (Forts 
Kathodenstrahl-Oszillographen durch Dauerbetrieb mit Metallentladur 
Aussenphotographie sehr kurzzeitiger Vorgaenge l,H.K 
Elektrotechnische Zeitschrift, July 3, 1930, pages 96¢ 

Report of the High-Tension Laboratory of the Techni 
tubes of glass so far used almost exclusively in the ithode 






















not give satisfaction especially if continuous oper: ratic mis req 
or power stations A metallic harge tube is described for « k 
and 1to5mA, The fully utilized intensity of the cathode ray 
ties a magnetic pre-concertration unnecessary which re sults in a shorter length for the ar 
With this metallic tube writing velocities of ilmost 5000 km./sec. have been attained for re 
of oscillograms outside the tube through an electron window; these velociti ¢ 
records in the interior rhe dissolving of a billionth of a second (10-9 s j 
this arrangement Full description of the apparatus and 37 references are given.—H. A 
Sources of Error by Unsuitable Screening When acute Losses (Fehlerquellen durch unge 

nete Schirmung bei Verlustziffermessungen K. Schaudinn. Elektrotechnische Zeit 


June 19, 1930, page 910 





Attention is called to errors which may influence se the measurem nf diele 
of bushings In order to eliminate this influen n tt rré 





without screen when their losses are measure 
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hmidt Berlin, Germany -H \ 
The Sphe ical Field at Different Phases S the Voltage (Das Kegel 











it en der Spannungen S ranck, lektrotechnische Zeitschrift, N 
page 
rheoretical investigation of the distribution of electric fieldfaround spheres of t 
at different voltage and communication of test re it rH. A, 


Method for Recording Capacity ‘Changes and its Application for the Continuous Obs 
Physical Phenomena Methode zur Registri Kapazitaetsaend 








Anwend zur la Beobachtung pl ischer Vorgaenge A. Schulze & 
Klektrotec he chrift, Nov. 20, 1930 S 
By means of a capacity bridge the capacit le s converted int 
irrent to make the use of an instrument possibl he hi thod is der 





tests reproduced.—H. A. 

Diagram for Determination of Errors Due to Instrument Transformer rs 8 for Measure ments of I 
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ANALYZERS Recording and Controlling 
seneral Electric Co a te RECORDERS ristol Company 
PHOTOELECTRIC COLOR 2 ol 5 é 
COMPARATOR sterline-Angus Company 3 Jor 
General Electric Co Foxboro Co. ne 
PHOTO-ELECTRIC TUBES Taylor Instrument Cos ay'or instrument ‘ 
jeneral Electric Co. PROCESS TIMING AND SIG- Surface Contact 
hh xbetonay sey ee NALING INSTRUMENTS 3rist mpany 
saertner Scientific Corp rown Instrument ( 
Bausch & Lomb Optical Co oo Paes tae i r 
PHYSICAL TESTIN 7 Leeds & Northrup Co. es tarkoce 
an PROJECTION LANTERNS nv a htedeseiry 9 
Am - on AE nst. Co ae & Lomb Optical 
aud S. Gordon Co opencer Lens Co RADIO FREQUENCY OSCIL- 
outhwark Fdry. & Mach. Co PROTRACTOR LATORS 
A. Suter Optical neral Rad npany 
Pliut 1UBE METER Bausch & Lomb Optical ‘ Jewell Electrical Inst. Co 
3rown Instrument Co. PSYCHROMETER 
Foxboro Co “ OMETE RADIO SET ANALYZERS 
PLANIMETERS Recording jeneral Radio Company 
Automatic Flow Record Bristol Company Jewell Electrical Instrument 
Brown Instrument Co Westor t. ¢ 
Linear 
Brown Instrument Co RADIO TUBE CHECKERS 
Radial neral Rad mpany 


nstrurm 


Bristol Company 
Foxboro Co 























wee UL AR 


HEOSTATS ave better because 


They are designed on entirely new lines; they 
incorporate sound engineering principles. 
Every part, every surface is precision machined. 
The rugged phosphor bronze contact shoe can 
not tear the wire. A totally new contact system 
separates the contact and pressure functions 

the pressure springs carry no current, cannot 
lose resiliency through overheating. An im 
proved screw selector permits close adjustment, 
disengages automatically when slider is grasped. 














A complete range of sizes, types and The first genuinely improved Rheostat in 
— Approved and adopted twenty years. Send for Catalog No. 730. 

as standard by many of the country’s y YI T : 

best known technicians and labora- HA RDWIC K, HIN DLE, Inc. 
tories. 225 EMMET ST. NEWARK, N. J. 
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Some Improvements in Thermoregulators. 
At eg tor with! 
as 


Preparation of Air of Known Humidity and Its Application to the Calibration of 
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A High-Sensitivity Absolute-Humidity Recorder. Crar Z 
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Calibration of Standard Lamps for Relative and Absolute Measurements. L. S 
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RADIO TEST PANEL SIGNALING DEVICES—Auto- SULPHUR DETERMINATION 
Electrical Instrument Co. matic APPARATUS 
t lectrical Inst. Corp Brown Instrument Co Burge: Parr ( 
aeFRACTOMETERS Leeds & Northrup Co Tagliabue Mfg. Co., C. J 
Bausel ch & Lomb Optical Co. SLIDE RULES SUNSHINE RECORDERS 
r Lens Co SLOW SPEED MOTORS Leeds & Northrup Co 
REGULATORS See Controls Bodine Electric Co. Taylor Instrument Companies 
RELAYS SYNCHRONOUS MOTORS SUPERPRESSURE_ CATALYST 
Genera! Bieetric Co Bodine Electric Co. EQUIP 
Gener Son Co. SOIL PRESSURE CELLS SURGE INDICATORS 
Jewell Electrical Instrument Co. SPECIAL INSTRUMENTS earns 
sma Eeneerwell Co. \mthor Testing Inst. Co SURGE RECORDERS 
Westinghouse Elec. & Mfg. Co. Burgess-Parr Co. Esterlin ngus Company 
Weston Electrical Inst. Corp. Meriam Co General Electric Co 
REMOE METERING EQUIP- SPECIAL ELECTRICAL INSTRU- SYNCHRONIZING FORKS 
MENT MENTS Electrical 
Bristol Company Bristol Co. eneral Kad 4 ( 
Brown Instrument Co. Brown Instrument Co Leeds & Northrup ‘ 
al Electric Co Esterline-Angus Company eo 
neds & Northrup Co General Radio Co g Inst. ( 
Westinghouse Elec. & Mfg. Co. Illinois Testing Labs., Inc. Brown Instrun ( 
RESSTANCE —€lectrical Jewell Electrical Instrument Co. TACHOMETERS 
neral Radio Co Leeds & Northrup Co » Toa b ptcuunn’ 
echadels Hindle, Inc. Bewson Electrical Instrument Co Briste ef Company 
Leeds & Northrup Co Rubic on C ompany é Brown Instrument ¢ 
oma +0 ssactns beceanNn > Esterline-Angus Company 
RHEOSTATS E- Foxboro ( * 
seneral Radio Co Es A West nghouse Elec. & N fg. ¢ 
Hardwick, Hindle, Inc terline-Angus Company Weston Electrical Inst rt 
Rubicon Company ates GRAVITY APPARA- TELESCOPES 
pencer Lens Co as usc nb Optical Cc 
ROTOSCOPE wae vaertner ocientinc Cort 
RUBBER TESTING INSTRU- Gaertner Scientific Corr TENSILE TESTERS FOR PAPER 
MENTS SPECTROSCOPES WIRE, SHEETS, ETC. 
SACCHARIMETERS Bausch & Lomb Optical Co Amthor Testing Instrument Co 
Bausch & Lomb Optical Co. Gaertner Scientific Corp lfred Suter 
spencer Lens Co Spencer Lens Co TENSOMETER Huggenberger 
Tavior Instrument Companies SPECTROPHOTOMETERS puth werk Fdry. & Mach. Cc 
ee ee Bausch & Lomb Optical Co. TESTERS, Gas 
Tagli Geertner Scientific Corp TESTING MACHINE 
salinity ‘INDICATORS SPEED INDICATORS Portable—Tensile—Compression 
eds nd peta up Go See Tachometers outhwark Fdry. & Mach._ Ce 
con ompdény * 
SCALES Ambon Testing Ios Co aie Kaine tian: 
Amthor Testing Instrument Co. Esterline-Angus Company rag a a deg 
Alfred Se Scientific Corp Leeds & Northrup Co suthwark Fdry. & Mach. ¢ 
red outer A 
TANDAR puter 
SCRATCH HARDNESS TESTER . Weston F bw a Corp TEXTILE TESTING IN 
SEISMOGRAPHS STEEL TAPES STRUMENTS 
~~ RECORDERS A. Smee 
terline-Angus Company STOP WATCHES puter 
SHUNT METERS STRAIN GAGE THEODOLITES 
SHUNTS Southwark Fdry. & Mach. Co. THERMIONIC OXIDE RECTI- 
sterline-Angus Company STRESS ~cohe ( Bsn f lectric Co 
Jewell Electrical Instrument Co. STROBOSCOPES ; 
eeds & Northrup Co. SULPHUR DIOXIDE METERS THERMO-JUNCTIONS Electric) 
Rubicon Company Leeds & Northrug ¢ r- ene ral Rad ( 
Weston Electrical Inst. Corp Tagliabue Mfg. Co : Instrument ¢ 


TACHOMETERS: 


STATIONERY INDICATING & RECORDING. Designed & 
Graduated for any Application —_HAND TACHOMETERS 
TACHOSCOPES — CUTMETERS — SPEED INDICATORS 






complete repair service 


Catalog AMTH TESTING INSTRUMENT wg 
* 300 315A Johnson St Brooklyn oe Y. 















When writing to the above company, please ment 
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Automatic Reversing Open Hearth Furnaces 
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New Humidity Chart Simplifies Combustion Gas Problems. > 
Present ‘ 
240 M.S 
Testing and Rating of Fuel Fired Industrial Furnaces. Pt. XVI M rement Tl 
1 sean T \ { I ? q . l rr Tart ) n e R(VO_SN 
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CALCULATION Tl 


Recent Types of the Mercedes-Euclid Calculating Machines 


s 699-70 re TI 


Graphical Integration of Normal Differential Equations of the Second Degree 


5 Zeits ft 130: pag ra Zeitschrift fuer Technis Pp 
4 ; . : 
A Slide Rule for Calculation with Complex Quantities (1 Rechens 
k I xen Gr ss VW H. Grinst Elektr nie e Zeits oO 2 
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THERMOMETERS 
Gas Filled 
Brictol Company 
Brown Instrument Co 
Foxboro Co 
sud S. Gordon 
Tag abue Mfg. Co., C. J 
Taylor Instrument Companie: 
mechanical 
Brown Instrument Co 


x) 
Tagliabue Mfg. Co., ¢ 
Mercurial 
Bristol Co 
sud S. Gordon Co 
Tagliabue Mfg. Co., ¢ 
Taylor Instrument Companies 
Resistance 
Brown Instrument Co. 
Claud S$. Gordon Co 
nois Testing Labs., Inc 
Leeds & Northrup Co 
Vapor-Tension 
Bristol Company 
rown Instrument Co 
Foxboro Co 
laud S. Gordon Co 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 
Wet & Dry Bulb 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Claud $. Gordon Co 
Leeds & Northrup Cc 
Tagli iabue Mfg. Co., J 
aylor Instrument Companies 
THERMOSTATS 
Bristol Company 
Brown Instrument Co 
Foxboro Co. 
Claud S. Gordon Co 
Minneapolis Honeywell C« 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Com es 


= —_— N RECORD- 


aid Company 
Esterline-Angus Company 
Foxboro Co. 
Claud S$ Gordon b ° 
Tagliabue M Stas 
i: RECORDERS” 
ristol Company 
Brown Instrument Co 
Esterline-Angus Company 
Seertner Scientific Corr 
Claud S$ _—— Co 
Foxboro 
TIME SWITCHES 
jenere| Electric Co 
Claud S$. Gordon Co 
Westinghouse Elec. & 


TIMERS 





Mf 


Automatic Temp. Control C« 


Leeds & Northrup Co 
Rawson Elec. Inst. Co 


TINTOMETER 


gq. Ce 
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TORSIOGRAPH 
TORSION MACHINES 
lfred Suter 
TRANSFORMERS 
Esterline-Angus Company 
Genera! Electric Co 
General Radio ¢ 
Weston Electrica! Inst. Co 


TRANSITS 


Engineer's, Surveyors, Mine 
Geertner scientific Corp 


Pocket 


Taylor Instrument Companies 


TUNING FORKS —Electrically 


Driven 
General Radio Co. 
Geertner Scientific Corr 
Leeds & Northrup Co 
Rubicon Company 
iy recy any 
Burgess-Parr Co 
“U" TUBE MANOMETERS 
Amthor ae ing Inst. Co 
M eria 
VACUUM RECORDERS 
Bristol Company 
Esterline-Angus Company 
Foxboro Co 
Taylor Instrument Cos 
VACUUM TUBE BRIDGES 
General Radio Company 
VALVES 
Automatic Shut Of 
Automatic Teme 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
Claud Gordon Co 


Control 


Co 


Minneapolis-Honeywell C« 


Tagliabue Mfg. Co., C. J 

Taylor Instrument Cos 
Balanced 

Automatic Temp. Control 

Brown Instrument Co 

Foxboro Co 

Claud S. Gordon Co 
Diaphragm 

Bristol Company 

Foxboro Co 

Claud S. Gordon Co 

Tagliabue Mfg. Co., C. J 


Taylor Instrument Companies 
Electrically Operated 


Automatic Temp. Control 
Bristol Company 

Brown Instrument Co 
General Electric Co 

C laud - >. Gordon Co 
Minneapolis-Honeywe 


Reducing 


Claud S. Gordon Co 
Tagliabue Mfg. Co., C. J 


Regulating 


Automatic Temp 
Bristol Co 

Brown Instrument ¢ 
Foxboro Co 


Control Ce 


Claud sordon Co. 
Minneapolis-Honeywel 
Tagliabue Mfg. Co., ¢ J 
Tay or instrument Companies 

Safety, Fuel Shut-off 
Claud 5. Gordon Co 
Minneapoli 
Tagliabue Mfg. Co., ¢ 

VENTURI METERS 
own Instrument Co 
Foxboro Co 

VIBROGRAPH 

VIBROMETER—DAVEY 

VIBROSCOPE 

VISCOSIMETERS 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 

VISCOSITY TUBES 

VOLTAGE DIVIDERS 


General Radio Co 


VOLT-AMMETERS 
Esterline Angus Comp any 
jeneral Electric Co 
Jewell Electrical Instrument Co 
W esti ngho >» Elec. & Mfg. Co 
Weston Electrical Inst. Corp 
VOLTMETERS 
Indicating 


General Electric Co 

General Radio Co 

Jewell Electrical Instrument Co 
h 


Le & Northrur 

Rawson Electrical Instrument Co 

Westinghouse Cie et Mfg Xu 

Weston Ele 3 % r 
Recording 

Bristo ompany 

Esterline-Angus Company 


General Electric ¢ 
Leeds & Northrup 
Westinghouse Elec. & Mfg. ¢ 
Thermionic, Oxide Rectifier 
3eneral Radio Co 
WATER METERS 
Foxboro Co 
WATER METERS—Hot and Cold 
Buffalo Meter Co 


WATER & SEDIMENT APPA- 
RATUS 


Tagliabue Mfg. Co., J 
WATTHOUR KAETERS 
General Ele tric Co 
Y/ esti ale * ® Mfg. Co 
WATIMETERS 
Indicating 
General -lectric ¢ 


| Electrical Instrument Co 
cal Instrument Co 
& Mfg. Co 





n Electri 


Westinghouse lec 


Weston Electrical Inst. Corp 
Recording 
Bristol Company 
Esterline-Anagus Company 
General Electric Co 
bal Saco yeh 
jeneral Rac 


WAX MELTING APPARATUS 


Tagliabue Mfg. ¢ 
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CHIEF OF ELECTRICAL INSTRUMENT ENGINEERING 


for manufacturer of electrical apparatus. 
be able and willing to fit into an old and closely knit org 


It is essential that the applicant 


that he 


anization 


be thoroughly familiar with the mathematica! methods of instrument design 


and that he have a knack and a liking for 
financial return will be based on results and will eventually 


the attractiveness 
achievement. 


Locati 
Box R, Instruments 


on New York 
Publishing Co., 


3619 Forbes 


small mechanism 


Apply t 


Street, 


While the 


be adequate, 


of this opening lies in the opportunity for real engineering 


y letter 


Pittsburgh, Pa 
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SPECIAL 
Automatic Pointation Apparatus for Telescopes (Autor 
G. Alter, Zeitschrift fuer Instrumentenkunde 
which is increased as t tarting ar A re-adjusts the pointatior I 
Measuring Apparatus “Robur” for Cutting-Pressure and Braking Effect 
Bremsgerat ‘Rol A. Erienba Messtechnik, May 1930, page 


—Ha 
The Geiger Tube Election Counter. L. ( 
1930, pages 115-123 


Methods of Measuring Strains Between Glazes and Ceramic Bodies. 
Pole re r ral of Resear 19 P 


for t r the traiy ex 


I 


her \ 


Testing Equipment for Refractory Materials. L. | 
First of eI rt ‘ th t t 


Translated from | rfest 

A New Electric Depth-Indicator for Mine-Hoists 
1930, page 1405 
ex 
, allen 

I f i : , 
Measurement of Corrosion with the “‘Corrosimeter”’ 
t Korrosimeter 1 Dr. 7 t G. 


Praezision, Aug 1, 1930, p s 2-4 


Iron Wire 
130. 1 117 


Remote Control Over 


Rules for the Practical Testing of the Corrosion Resistance of Steels 


» 
. IN 


The Determination of the Anti-Knock Value of Motor Fuels. M 


68 


ing & Mining Review g 
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. THE NEW 40-PAGE 
AMES DIAL GAUGE 9 
CATALOG 


Send today for the new Ames Gauge Catalog. Con- 
taining complete information about the construction, 
use and care of all types of Micrometer Dial Gauges, 
mountings, attachments, Upright Gauges, Pocket 

\ Gauges, Automotive Gauges, Lens Measures, Pre- 
cision Verifiers, Comparators, Gauge Repair Service 
and Replacement Parts. 


i. «c. AM ES co. Waltham, Mass. 
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l ) Inc., Weston Electrical Instrument 
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Automatic Control 
Increases Your Furnace Profits 


Less product spoilage, greater uni- or kilns. .Minneapolis-Honey well mo- 
formity, reduced supervisory labor, torized valves operate with their own 
large fuel savings—these are the bene- temperature or pressure controllers or 
fits of installing a Minneapolis-Honey- with any standard pyrometers to 
well control system to regulate tem- regulate the flow of ras, oil, water or 
peratures of your ovens, furnaces, vats — steam. For complete information write 


Minneapolis-I loneywell Regulator ( ompany 


2735 Fourth Avenue, South Minneapolis, Minnesota 








When writing to the a 
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INDEX CARD SECTION 


A file card index will be a valuable asset. It is suggested that this index information be cut out, n 
cards, and filed in yourdesk orinafile boxontopofyourdesk. You willthenhave within easy r¢ 
index of instrument information of incalculable value 


CENTRALIZED ContROL IMPROVED PRODUCTION 


A. J. A. PETERSON, INSTRUMENTS, Vo. 4, No. 2, February 1931, pages 51 


Inst 
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M. F. BEHAR, INSTRUMENTS, Vol. 4, No. 2, February 1931, pages 55-86, 4 
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Weather-Ometer 


| 
. ° , ° 
“Standardized Weathering” 
The Laboratory of Science and Industry finds in Weather-Ometer both the means and | tion: 
the measure for accelerated weathering. Tests of any type of material may be made 
with this instrument and any set of weathering factors may be reproduced, controlled | elect 
as to intensity, duration and sequence. Results obtained coincide closely with out-of | Or 
doors exposure and are far more reliable and speedy. Let us send you complete in- | Indu 
formation about Weather-Ometer and the many important applications being mac 
today. Send for Bulletin I-1. 
By the Makers of Fade-Ometer and Launder-Ometer 
Distributors 
New York Boston London Berlin 


ATLAS ELECTRIC DEVICES CO. 


361 West Superior Street Chicago, Illinois 








Wi 





A New Era 


1, Of OF PENDING 


CLE REGULATOR 
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Cycle Regulator, an instrument) unit tire and tube vuleanizers, this 
which finds application inpract- Regulator finds application in food 
ically every industry. Its use extends preserving, oil, textile and other 
to wherever it is desirable to control industries. 
the duration of operations in’ pre- Write for Bulletin 18.000 with full 


| NTRODUCING the Tycos Tyme- struments are in daily operation on 


Beribed sequence, where such opera- information. 

eri be started and stopped by an 

tlectrical or fluid ope ed device. : . . - a ; 
Origins ills Cathe % we pi ssictiine Taylor /nsti “ument CC Mpant 5 

industry where several hundred in- ROCHESTER, N. Y., U.S.A 
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BRISTOL'S 





The Most Extensive Line of Recordin 
Indicating and Controlling Instrume 
Equipment For The Industries 
Humidity 
Psychrometers, Record 


Psychrometers, Record: 
Controlling 


Pressure and Vacuum 
Pressure Gauges, Recording 
Pressure Gauges, Indicating 
Vacuum Gauges, Recording 
Vacuum Gauges, Indicating 
Combination Pressure and Vacuum 
Gauges, Recording 
Liquid Level 
Liquid Level Gauges, Recording 
Motion 
Liquid Level Gauges, Indicating : 
; Mechanical Motion Rex 
Water Level Gauges for Steam Boilet > 
. . Electrical Operation Re 
Indicating and Recording 
Temperature Control, Automatic 
Thermometers, Recording (for tem- Control Instruments 
peratures upto 1000 F. ture, Pressure, Liq 
Thermometers, Indicating (Mercu- Humidity, furnished 
rial Type ; trically Operated 
Pyrometers, Recording (for tem- ated Types. 
peratures up to 3000 F.) Control Valves, inclu 
Pyrometers, Indicating (for tem- Operated, Solenoid and D 
peratures up to 3000 F.) Motor Types. 
Electricity Control Panels 
Voltmeters, Recording 
Milli Voltmeters, Recording Miscellaneous 
Ammeters, Recording Engine Counters 
Milli Ammeters, Recording. Revolution Counters 
Shunt Ammeters, Recording Averaging Instruments 
Wattmeters, Recording Gaugeboard Clocks 
Frequency Meters, Recording Supplies for Recording 


Speed 
Tachometers, Recording 
Tachometers, Indicatins 


FIELD ENGINEERING SERVICE WITHOUT OBLIGATION 


To aid in planning for new equipment, or for installation details Bristol's Field Sery 
placed at your disposal—without any obligation whatsoever 


THE BRISTOL COMPANY, WATERBURY 


Branch Offices y 
Boston 

New York 

Philadelphia ©) | | | 3 = 


Pittsburgh JINCE 
Birmingham 1689 


Akron Instruments fur Indicating Recording Controlling 








